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INTRODUCTION 


This subcourse contains six lessons; each lesson explains, progressively, the step-by-step procedures for 
constructing a compilation base. These lessons will enable you to construct the Universal Transverse 
Mercator (UTM) grid at different scales, plot the Transverse Mercator Projection on the UTM grid and 
plot geodetic control. 


Supplementary Training Materials Provided--None 


Material to be Provided by the Student-- 


a. Calculator (optional) 
b. Pencil 
c. Paper 


Material to be Provided by the Unit or Supervisor--None 


Twenty credit hours will be awarded for successful completion of this subcourse and examination. 


#* IMPORTANT NOTICE *** 
THE PASSING SCORE FOR ALL ACCP MATERIAL IS NOW 70%. 


PLEASE DISREGARD ALL REFERENCES TO THE 75% REQUIREMENT. 
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GRADING AND CERTIFICATION INSTRUCTIONS 


Instructions to the Student 


This subcourse has a written examination which covers six lessons. You must correctly perform each of 
the six lessons to complete the subcourse. The examination is a self-paced test. 


Instructions to the Supervisor 


No supervisor is required for this subcourse. 
Instructions to the Unit Commander 


No unit commander is required for this subcourse. 


PRETEST 


For this subcourse, only one test is provided. The student should be allowed to take the examination 
without studying the material if he feels he can correctly perform all tasks. 


iv 


LESSON 1 - EXTRACT DATA FOR GRID CONSTRUCTION 


OBJECTIVE: 


TASK: 


CONDITIONS: 


STANDARDS: 


*See STP 5-81C1-SM 


At the end of this lesson you will be able to extract and interpret the necessary 
information from DA Form 1941 (Grid and Declination Computations) to 
construct a Universal Transverse Mercator (UTM) grid. 


Related Task: 051-257-1203, Construct Map Grids.* 


You will have a calculator (optional), paper, pencil, and this subcourse booklet, 
and you will work on your own. 


After completing the lesson, you will be given two opportunities to pass the 
written performance test. If you do not pass the test on the second attempt, you 
will be required to repeat the lesson. 


INSTRUCTIONAL CONTENT 


1. During your earlier lessons, you learned that map grids are made up of a series of straight lines 
intersecting at right angles. These lines form perfect squares on a map sheet which are equivalent to 
1,000 meters on the ground (10,000 meters for map scales smaller than 100,000). Military maps use the 
Universal Transverse Mercator (UTM) grid system between latitudes 84°N and 80°S and the Universal 
Polar Stereographic (UPS) grid system north of latitude 84°N and south of latitude 80°S. The numbers 
assigned to each grid line are false values based upon the central meridian of each of the 60 zones of the 
transverse mercator projection (O° and 180° meridians of the polar stereographic projection) and the 
equator (90° meridian of the polar stereographic projection). The central meridian of each zone has 
been assigned a false value of 500,000 meters east (2,000,000 meters east in the polar region). The 
equator has been assigned a false value of 0 meters north when measuring in the northern hemisphere 
and 10,000,000 meters north when measuring in the southern hemisphere (2,000,000 meters north in the 
polar area). The UTM and UPS grid systems provide soldiers with a uniform, precise system of location 
and measurement on the ground that is applicable worldwide. 


2. The first step in the construction of a compilation base (the base upon which map detail is 
compiled) is to construct the grid upon which all other information will be referenced. As a military 
cartographer, it is your responsibility to construct this grid to very accurate and stringent specifications. 
In order to construct the grid, you must know various information, such as the grid interval and size. 
This data is provided to the cartographer on DA Form 1941 (Grid and Declination Computations). 
During this lesson, you will become familiar with the various components of DA Form 1941 needed to 
construct the UTM grid in Lesson 2. 


3. DA Form 1941 Components. DA Form 1941 (Grid and Declination Computations) contains all 
the information necessary to construct a map grid and neat lines. Since the objective of this lesson is to 
extract and interpret data for constructing a UTM grid, we will concern ourselves only with that 
information on the DA Form 1941 pertaining to constructing a grid. Now examine the form in figure 1- 
1 so that you are familiar with its format. The highlighted items denote those needed to construct a 
grid. 


a. Heading (fig 1-2). The heading portion of the form provides the identifying information for 
the grid such as the project name or number, location, sheet number, and type of grid. This 
information should always be compared against the project work order to insure that the correct DA 
Form 1941 is being used to construct the grid. The box marked ZONE identifies the GRID ZONE 
DESIGNATION in which the sheet falls. The CENTRAL MERIDIAN box identifies the central 
meridian for the 6° wide grid zone. The letter identifies the central meridian as being either east or west 


of the prime meridian. For example, in 75°W, the central meridian is 75° west of the prime meridian. 


Gaede ee GRID AND DECLINATION COMPUTATIONS 
TA $-237 


LOCATION ORGANIZATION 


VIE GINIA 69TH ENGR. Co (ToPo 


“Seta. “ies lve we 
IBS 75° w 


B° 4 D @ 38° 45° we* 
22 30° op* Ls. 422 om #22 Com 4 a37° a 
N 42971230 2 
E 704948 8 


SS 507 tw 


DATE OF DECLINATION Qo eee 


AMMUAL CHANGE 


1.403 cm 


% Y26398S b 


NX 4#26H048.6 


E2stas4.i o'r E 303788 4 
* sR" 30° oot © 2% 38° 30° coy 
A272 30" 90° We RTS Se 


GEOGRAPHIC INDEX 


CONVERSION FACTOR 


- 0OOZ | 38° 30°N/77°IS w/S 
COMPUTED BY DATE CHECKED ay BaTE 
DRF | DEc 7g Hew 1 Dec 78 


DA .72m.1941 | 
Figure 1-1. DA Form 1941. 


79] sro ao eiRgTIQh ConUTATIONS 
LOCATION ORGANIZATION 
ViRainA 
SHEET NUMBER TYPE OF GRID — 4 AL. MERIDIAN 
Wa ere 


Figure 1-2. DA Form 1941 heading. 


b. Scale and Grid Interval (fig 1-3). The scale and grid interval information provides the 
necessary information needed to determine the distance in centimeters, between the grid lines of the grid 
that you will construct. As you have already learned, the map scale is a ratio of a distance on a map to 
its corresponding distance on the ground. (For example: map scale - 1:50,000; one unit of measurement 
on the map = 50,000 like units of measurement on the ground.) The grid interval tells you what the 
spacing between the grid lines is equal to on the ground. Normally, the grid interval for maps with 
scales of 1:100,000 and smaller (i.e., 1:250,000) is 10,000 meters, and for maps with scales larger than 
1:100,000, the grid interval is 1,000 meters (i.e., 1:50,000). 


1 
wale So, 00co 


GRID INTERVAL 1000 ETERS 


Figure 1-3. Scale and grid interval. 


c. With these two pieces of information, you can determine the 
spacing between the grid lines, in centimeters, of the grid to be 
constructed by using the formula MD = GD - You should 

denominator of RF 
already be familiar with this formula but for a refresher, work through 
the problem on the next page. 


(1) Given the following information: 

Scale = 1:50,000 

Grid Interval = 1,000 m 

and using the formula MD = GD 

denominator of RF 

(2) Where: 

RF = representative fraction 

MD = map distance 


GD = ground distance 


(3) Determine: distance between grid lines in centimeters. 


RF = L 
50,000 
GD = 1,000 m 


(4) When substituting the values, the formula is: 


MD = 1,000 
50,000 


MD = 1,000 m - 50,000 


MD = .02m 


(5) Now that we have the MD in meters we must convert this value to centimeters. This is 
done by multiplying the map distance by 100. In our example: 


MD = .002m 
MD = .02 x 100 
MD = 2 cm 


Therefore, the spacing between the grid lines (grid interval plotting size) of the grid to be constructed 
will be 2 centimeters. This is the precise distance the grid lines will be drawn in Lesson 2. 
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d. Grid Size (fig 1+). Now that you have determined the grid interval at the map scale, the last 
thing to be determined, prior to actually constructing the grid, is the limits of the grid. To aid you in 
this determination, the first full grid line of each side of the grid is provided on DA Form 1941. 
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Figure 1-4. Grid limits. 


4. In the center portion of the form, there are four straight lines with numbers at the end of each 
line. These four lines represent the first full grid lines and the numbers represent the value of the grid 
lines. If you examine figure 14, you will see a straight line running in the north-south direction on the 
left side of the form. At each end of the line is the number 283. This line and number represent the 
first full (easting) grid line along the west edge. Let us reexamine figure 1-4 and determine the north, 
south, and east grid lines. The line running in an east-west direction (northing grid line) just above the 
scale information is labeled 4291. Therefore, the first full grid line along the north has a value of 4291. 


a. If you look further down the form you will see another line running in the east-west 
direction. This line represents the first full northing grid line along the south edge of the grid. Its value 
is 4265. Now we have three of the grid lines. The last grid line to be determined is the first full grid 
line along the east side. On the right side of figure 14 is a line running in a north-south direction. Its 
value is 303. This is the first full easting grid line along the east side of the grid. You have now 
determined that the first full grid lines are as follows: 


north edge - 4291 

south edge - 4265 

east edge - 303 

west edge - 283 

With this information you can now determine the number of grid lines needed for the grid. 


b. Before you go any further, let us first find out what is meant by "first full grid line." 
Examine the Leavenworth map sheet provided in the back of this subcourse. If you look in the 
southwest corner of the map you will see the grid line 328000 meters E. Follow the grid line up the 
map sheet and you will see that it does not go all the way to the top of the map sheet. The next grid 
line, 329, runs from the south edge to the north edge of the map. This is the first full easting grid line 
along the west edge of the Leavenworth map. Examine the 4346 grid line along the south edge of the 
Leavenworth map. This grid line also does not run across the entire sheet. Therefore, the 4347 grid 
line is the first full northing grid line for the south edge of the map. 


c. When determining the number of grid lines needed for a grid, these partial grid lines must be 
taken into consideration. The exact number of grid lines can be computed from DA Form 1941, (see 
Soldier's Manual Task: 051-257-1203, Construct Map Grids), but since this is rather complicated, this 
method has been omitted. The easiest way to determine the number of grid lines needed is to 
determine the difference between the first full easting and northing grid lines and add four extra grid 
lines. The following example problem shows how this is done. Determine the number of grid lines 
needed when the first full grid lines are as follows: 


west edge - 283 
east edge - 303 
north edge - 4291 
south edge - 4265 


Determine northing grid lines 


4291 (north edge) 
-4265 (south edge) 
26 
+ 4 grid lines 
30 Total northing grid lines 


Determine easting grid lines 


303 (east edge) 
-283 (west edge) 
20 


+ 4 grid lines 
34 Total easting grid lines 


Adding four grid lines allows for two extra grid lines on each side of the grid. This will always be 
enough grid lines to construct a grid. If either of the values is an odd number, add one more grid line 
to make it even. This will make all your measurements easier when you construct the grid in Lesson 2. 
Therefore, the total number of grid lines needed to construct the grid for the DA Form 1941 in figure 1- 
1 is 24 easting grid lines and 30 northing grid lines. 


5. Before you take the written test for Lesson 1 (at the end of this subcourse), you should practice 
what you have just learned, by working through the review exercises on the next page. 
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REVIEW EXERCISES 

Now that you have worked through the instructional materials for Lesson 1, check your understanding 
by completing these review exercises. Try to complete all the exercises without looking back at the 
lesson. When you have completed as many of the exercises as you can, turn to the solutions at the end 
of the lesson and check your responses. If you do not understand a solution, go back and restudy the 
section in Lesson | where the information is given. Paragraph references follow each solution. 
Note: All questions refer to the DA Form 1941 in figure 1-5. 
1. What is the grid zone designation for the Phoenix special map sheet? 

A. UTM 

B. Clark 1866 

C; 12S 

D. 111° 


2D What is the grid interval? 


A. 1,000 mm 
B. 1,000 m 
C. 1.000 m 


D. 1.000 mm 


3. What is the grid interval plotting size? 
A. 2cm 
B 4cm 
C 1m 
D 4m 
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What are the values of the first full northing grid lines? 


A. 368, 370s 
B. 308, 407 
C. 368, 407 
D. 308, 3705 


How many easting grid lines will have to be constructed for the grid? 


A. 8 

B. 10 
C 12 
D 14 
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Figure 1-5. Completed DA Form 1941. 
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LESSON EXERCISE RESPONSE SHEET 


15 


16 


C, 125 

B, 1,000 m 
B, 4 cm 

A, 3608, 3705 


D, 14 


EXERCISE SOLUTIONS 
(para 3a) 
(para 3b) 
(para 3b) 
(para 3d) 


(para 3d) 


OBJECTIVE: 


TASK: 


CONDITIONS: 


STANDARDS: 


REFERENCES: 


*See STP 5-81C1-SM 


LESSON 2 - GRID CONSTRUCTION 
At the end of this lesson you will be able to construct a large scale Universal 
Transverse Mercator (UTM) grid. 
Task: 051-257-1203,- Construct Map Grids.* 


You will have paper, pencil, a calculator (optional), and this subcourse booklet. 
You will work on your own. 


After completing the lesson, you will be given two opportunities to pass the 
performance test. If you do not pass the test on the second attempt, you will be 


required to repeat the lesson. 


Extract of TM 5-240, chapter 4, section III, paragraph 4-10a. 
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INSTRUCTIONAL CONTENT 


1. | Now that you have learned how to read and interpret the information on DA Form 1941 necessary 
to construct a grid, you will now learn how to prepare a Universal Transverse Mercator (UTM) grid. All 
military operations and many preplanning decisions are based on military maps. The soldier uses maps 
to navigate and locate himself and many times relies on the accuracy of these maps for his own safety 
and well-being. As a military cartographer, it is your responsibility to accurately revise maps, and prepare 
special map products to be used by military planners and soldiers. The success or failure of a military 
operation could very well rest upon the accuracy of the maps and map products that you produce. Since 
all data that appears on a map is referenced to the UTM grid, it is critical that the grid be constructed 
with utmost precision and accuracy. There are two methods of constructing a grid. One method is by 
the use of a coordinatograph, which is taught by a Training Extension Course (TEC) lesson. The 
second method, is the manual method, which is the topic of this lesson. 


2. Grid Construction. The manual method of constructing a grid is described below in steps 1 
through 17. After each step there is a brief explanation. These steps will explain how to construct a 
grid using the same DA Form 1941 that we used in Lesson 1. If you have any problems, go over the 
previous steps and the extract from TM 5-240. If you still have problems consult your supervisor. Steps 
in grid construction (fig 2-1). 


Step 1: Review DA Form 1941 to determine the scale and interval requirements of the new grid. 
You learned this in Lesson 1. Remember, the scale and grid interval are in the middle of DA Form 
1941. For this form the scale is 1:50,000 and the grid interval is 1,000 meters. 


Step 2: Compute the "grid interval" plotting size for each grid square in centimeters. This you also 
learned in Lesson 1. Using the formula 


X = GD X 100 
denominator of RF 


we determined the plotting size to be 2.00 centimeters. 
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Figure 2-1. Grid and declination computation DA Form 1941. 


CONVERSION FacTOR 


Step 3: Determine the approximate center of the plot sheet by drawing light diagonal lines 
connecting the opposite corners (fig 2-2). Use your long straightedge and lay one edge against the 
opposite corners. Now, draw a light line at approximately the mid-point of the sheet of mylar. Repeat 
the same operation using the other two opposite corners. Where the two lines intersect is the center of 
the sheet. 


Figure 2-2. Determining approximate center. 


Step 4: Draw a horizontal centerline through the center of the plot sheet approximately parallel to the 
bottom edge (fig 2-3). Insure that the line passes exactly through the point where the diagonal lines 
intersect. 


Figure 2-3. Drawing a horizontal centerline. 
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Seem simple enough? Just lay your long straightedge down so that it touches the centerline that you 
constructed in step 3. Align the straightedge so that it is approximately parallel to the bottom edge of 
the sheet and draw a distinct straight line. Be sure to use a very sharp 4- or 5-H pencil because this line 
will eventually be a grid line. 


Step 5: Geometrically construct a vertical centerline thru the center of the plot sheet, perpendicular 
(90° angle) to the horizontal centerline (fig 2-4). This is the first critical step. If the vertical centerline is 
not perfectly perpendicular, the grid will not be accurate. The following steps will explain how to 
construct a vertical centerline. 


a. Assemble the bar beam compass set as shown in the extract from TM 5-240, figure 4-3. Be 
sure the lead point is sharp. 


b. Adjust the beam compass so that the distance between the pinpoint and lead point is equal to 
approximately half the distance between the plot sheet center and the edge of the plot sheet. 


c. Place the beam compass pinpoint at the point where the center of the sheet and horizontal 
centerline intersect. Swing an arc with the pencil end of the compass to the left and right of center 


along the horizontal centerline (fig 2-5). 


Note: Be sure the pinpoint remains in the same place while swinging both arcs. 


Figure 2-4. Drawing vertical centerline. 
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Figure 2-5. Swing centerline arc. 


d. Extend the points of the beam compass again by at least half the original distance. Place the 
pinpoint of the bean compass at the point where one of the arcs constructed in step 5, c crosses the 
horizontal centerline and swing an arc above and below the horizontal centerline. Then repeat the same 
operation for the other arc constructed in step 5, c (fig 2-6). The arcs should cross each other above and 


below the horizontal centerline. 
on 


ost 


Figure 2-6. Swing arc top and bottom. 
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e. Take your long straightedge and draw a straight line through the arcs constructed in step 5, d 
(fig 2-7). The line should go through the center of both arcs and the pin mark where the first arcs were 
drawn in step 3. The vertical centerline must intersect the exact center of the two arcs and the pin 
mark. If not, the grid will be inaccurate. 


Figure 2-7. Intersecting vertical and horizontal centerlines. 


Step 6: Again review DA Form 1941 to determine the exact number of northing and easting grid 
lines required. You learned how to do this in Lesson 1. By reviewing DA Form 1941, we determined 
that we needed 30 northing and 24 easting grid lines. 


Note: To make things easier, if either value is an odd number add one so it is even. 


24 


Step 7: Using the results of step 6, determine the centimeter measure- 
ments required for the north-south limits. Do this by multiplying the 
required number of northinga by the grid interval plotting measurement 
determined in step 2. This results in the total measurement from north 
to south. Then divide by two. This results in the measurement from this 


center, This is what you do. Take the total northing grid lines needed 
(30) and miltiply it by the grid interval plotting size (2 cm): 30 
KX 2 cm 
60 cm 


Divide the results by 2: 60cm +2 = 30cm. This is the measurement for the north and south limits 
of the grid. 


Step 8: Using the invar scale, set the measurement for the north and south limits of the grid on the 
beam compass and mark off the limits on the vertical centerline (fig 2-8). Take your bar beam compass 
and carefully set the measurement of 30 centimeters on it. Place the pinpoint at the point where the 


vertical and horizontal centerlines cross, then swing an arc on the vertical centerline above and below the 
horizontal centerline. 


Figure 2-8. Marking off vertical centerline limits. 
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Step 9: Using the procedures outlined in steps 7 and 8, mark the east 
and west limits of the grid on the horizontal centerline (fig 2-9}. This 
is exactly the same as the last two steps except you use different num- 


bers and swing the arcs on the horizontal centerline. Now, go back to 
step 6 and find the number of easting grid lines needed. Multiply this 
by the grid interval plotting size (see step 7): 24 
K 2 cm 
cm 


Figure 2-9. Marking off horizontal centerline limits. 


Divide the result by 2: 48 cm + 2 = 24 cm. Take your bar beam compass and carefully set the 
measurement of 24 centimeters on it. Place the pinpoint at the point where the vertical and horizontal 
centerlines cross, then swing an arc on the horizontal centerline to the left and right of the vertical 
centerline (fig 2-9). 
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Step 10: Construct the four corners of the grid by establishing arcs. Use the same measurements that 
were in steps 8 and 9 to determine the north-south and east-west limits (fig 2-10). 


+ as 


+ + 


Figure 2-10. Shoving the four corners. 


a. This is not as difficult as it sounds. Take the bar beam compass and carefully set the points 
at 24 centimeters. Place the pinpoint exactly at one of the points where the 30 centimeter arc crosses 
the vertical centerline. Swing an arc on both sides of the vertical centerline. Then repeat the same 
procedure at the other 30 centimeter arc (fig 2-11). 


Figure 2-11. Construct east-west corners. 
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b. Now, carefully set 30 centimeters on the bar beam compass. Place the pinpoint exactly at 
one of the points where the 24 centimeter arc crosses the horizontal centerline. Swing an arc above and 
below the horizontal centerline. Then repeat the same procedure at the other 24 centimeter arc (fig 2- 
12). These arcs should cross the four arcs constructed in the previous step. The points where these arcs 


cross are the four corners of the grid. 


+ 


Le 


Figure 2-12. Construct the north-south corners. 


Step 11: Using the Pythagorean theorem (c = VY a2 + b2), compute the 
diagonal measurement. The diagonal measurement will be used to check 
the accuracy of the four corners. To refresh your menory “a” and “b” 
are equal to the total north-south (60 centimeters) and east-west (48 
pea ortega measurements, Therefore, the diagonal measurement is as 
ollows: 


c= 602 + 482 
c = 3600 + 2304 
c = 5904 cm 


c = 76.837 cm - diagonal measurement 
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a. Using the invar scale and beam compass, check the diagonals against the computed 
measurements. The compared measurements must not exceed + .13 millimeters (.005 inches) 
difference. 


b. Using the invar scale and bar beam compass, measure the opposite corners of the grid and 
compare these to the computed diagonal measurement. If you are in error greater than + .13 
millimeters (.005 inches), start the grid all over. 

Step 12: Using the straightedge, connect the four corners of the grid (fig 2-13). Now, back to the easy 
material. Use your straightedge and sharp 5-H pencil to draw straight lines between the arcs forming the 
four corners of the grid. Care must be taken to insure that the lines originate from the exact center of 


the four corners. 


Step 13: Using the invar scale, set the dividers or beam compass with two needlepoints, to the plotting 
size and establish subdivisions originating from the centerlines. 


= 


Figure 2-13. Four corners connected. 
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a. Remember, in step 2 you determined the "grid interval" plotting size to be 2 centimeters. Set 
this measurement on a pair of dividers. Now, place one point of the dividers at the center of the sheet 
(where the two centerlines cross), then with the other needlepoint make a small pinprick on the 
horizontal and vertical centerlines. At this point we will have four pinpricks exactly 2 centimeters from 
the center of the grid (fig 2-14). 


Figure 2-14. One dot on vertical/horizontal centerlines. 


b. Now, keeping the same measurement, place one needlepoint where one of the centerlines and 
first grid line meet. With the other needlepoint make two small pinpricks along the first grid line. 
Repeat this same procedure for the other three centerlines-first grid line intersections (fig 2-15). 


Figure 2-15. Two dots on outside grid lines. 
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Step 14: | Set the dividers or compass for an additional increment of the "grid interval" plotting size 
using the invar scale (if the original plotting size is 2 centimeters, set the dividers at 4 centimeters), and 
establish the subdivision for the measurement (fig 2-16). This is the exact same procedure as was 
described in step 13 except we are now using a 4 centimeter measurement instead of 2 centimeters. 


Figure 2-16. Placing dots on horizontal/vertical centerline outside grid lines. 


Figure 2-17. Dots on horizontal/vertical centerlines and outside grid lines. 
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Step 15: | Continue the procedure established in step 14 until all subdivisions have been established (fig 
2-17). 


CAUTION: Do not attempt to "step off" the plotting size. Any error, however slight, in the 
measurement will become progressively larger, causing the grid to fail to meet the required standards. 
Always establish a new measurement from the centerline as was indicated. 


Follow the same procedures as outlined in step 13, but increase each measurement by the "grid interval" 
plotting size (2 centimeters for this sample). Continue to mark 2 centimeter increments until all the 
subdivisions are marked off. 


Step 16: Connect the subdivisions with straight lines using the straightedge and a 5-H pencil (fig 2-18). 
We are almost finished now. Take your straightedge and align it to three of the subdivisions and draw a 
straight line. This is one of the grid lines. Continue this procedure until all of the grid lines have been 
drawn. Care mast be taken to insure that the grid lines are drawn through the center of each 
subdivision needle mark. If not, the grid will be inaccurate and all your work will have been in vain. 
Also, keep your pencil sharp, a dull pencil can also ruin a good grid. 


Step 17: Label the grid in accordance with DA Form 1941 (fig 2-19). Locate the first full grid lines 
on the grid and label these lines with the first grid lines' values that appear on the DA Form 1941. 
Then label the remaining grid lines with the appropriate consecutive numbers. 


Figure 2-18. Dots connect west to east, south to north. 
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Figure 2-19. Grid labels. 


This completes the construction of a UTM grid. If you follow these steps carefully, you will have no 
trouble constructing an accurate grid. Before you take the examination, practice constructing a grid using 
the DA Form 1941 in figure 2-20 and work through the review exercises on the next page. 
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REVIEW EXERCISES 


Now that you have worked through the instructional materials for Lesson 2, check your understanding 
by completing these review exercises. Try to complete all the exercises without looking back at the 
lesson. When you have completed as many of the exercises as you can, turn to the solutions at the end 
of the lesson and check your responses. If you do not understand a solution, go back and restudy the 
section in Lesson 2 where the information is given. Paragraph references follow each solution. 


1. Refer to figure 2-20. When reviewing the DA Form 1941, you find that the grid interval is 1,000 
meters ground distance, and the map scale denominator is 1:50,000. What is the "grid interval" 
plotting size? 


A. 0.2 cm 
B. 0.4cm 
C; 2.0 cm 
D. 4.0 cm 
2. To determine the approximate center of the plot sheet you: 
A. Draw a diagonal line 
B. Draw a vertical line 
Cc. Draw a horizontal line 
D. Draw circles 
2 What tool is used for measuring the "grid interval" distance? 
A. Ruler 


B. Architectural scale 
Cc. Engineer scale 


D. Invar bar scale 
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You have found the center of the plot sheet and constructed the horizontal. What should you 
construct next? 


A. East and west limits 
B. Vertical centerline 
C. Four corners 


D. Grid lines 


What formula is used to check the diagonal measurement? 


A. c Ya2 + p2 


B. c = a2 
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Figure 2-20. DA Form 1941 (Ft. Belvoir, VA). 
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EXERCISE SOLUTIONS 


2.0 cm (Para 2, step 2) 
Draw a diagonal line (Para 2, step 3) 
Invar bar scale (Para 2, step 8) 
Vertical centerline (Para 2, step 5) 


c = a2 + be (Para 2, step 11) 


LESSON 3 - PROJECTION COMPUTATIONS 


OBJECTIVE: At the end of this lesson you will be able to extract and interpret the necessary 
information from DA Form 1941 and DA Form 1932 (UTM Grid Coordinates 
From Geographic Coordinates) to construct a Transverse Mercator Projection on a 


UTM grid. 
TASK: Related Task: 051-257-1204, Construct Map Projections.* 
CONDITIONS: You will have a calculator (optional), paper, pencil, and this subcourse booklet, 


and you will work on your own. 
STANDARDS: After completing the lesson, you will be given two opportunities to pass the 
written performance test. If you do not pass the test on the second attempt, then 


you will be required to repeat the lesson. 


REFERENCE: Extract of TM 5-240, chapter 4, section III, paragraph 4-11. 


*See STP 5-81C1-SM 
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INSTRUCTIONAL CONTENT 


1. Geographic coordinates appear on all standard military maps for the purpose of determining 
location by the geographic coordinate system. The four lines that inclose the body of the map (neat 
lines) are lines of longitude and latitude. On the Leavenworth map, the figures 39° 15' and 94° 45' 
appear at the southeast corner. The south neat line of this map is latitude 39° 15' 0O"N and the east 
neat line is longitude 94° 45' 00"W. In addition to the longitude and latitude given for the four corners, 
at regularly spaced intervals along the neat line there are small tick marks (graticule ticks) extending into 
the body of the map. Each of these graticule ticks is identified by its longitude and latitude value. 
There are also graticule crosses in the body of the map which represent the intersections of the graticule 
ticks. The graticule ticks are plotted at precise intervals depending upon the scale of the map. For 
example: A 1:50,000 scale map will have graticule ticks at 5' 00" intervals while the graticule interval for 
a 1:25,000 scale map will be 2' 30". The map neat lines, graticule ticks, and crosses are often referred to 
as the map projection. 


a. The second step in the construction of a map base is the construction of the projection. As a 
military cartographer, it is your responsibility to plot the projection to very accurate and stringent 
specifications. In order to plot the projection, you must know various information such as the projection 
corner values and plotting measurements of the projection. 


b. All this is provided to the cartographer on DA Form 1941 and DA Form 1932 (UTM 
Coordinates from Geographic Coordinates). During this lesson you will become familiar with the 
components of DA Forms 1941 and 1932 that you will need to plot the projection in Lesson 4. 


2. DA Form 1941, Grid and Declination Computations, also contains all the information necessary to 
plot the four projection corners of a map on the grid. Since you are familiar with the information on 
DA Form 1941 necessary for constructing a grid, let us now examine the rest of the form which pertains 
to plotting the four projection corners. Before continuing, examine DA Form 1941 in figure 3-1. The 
items that are highlighted are those items that are needed to plot the four projection corners. 
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Figure 3-1. Completed DA Form 1941 (Virginia). 


a. Projection corner values are given in figure 3-2. The geographic and UTM grid values for 
each of the four corners are shown in the corners of DA Form 1941. 


Figure 3-2. Northwest projection corner values. 


(1) The geographic coordinate value of each of the corners is shown by the greek symbols © 
(phi) and A (lambda). These symbols represent latitude (©) and longitude (A). By examining figure 3-2, 
we can determine that the geographic value for the northwest projection corner is 77° 30'W longitude 
and 38° 45"N latitude. Refer back to figure 3-1 and determine the geographic value for the remaining 
three corners. 


Compare your answers to the ones below: 

Southwest 77° 30'W longitude, 38° 30'N latitude 

Southeast 77° 15'W longitude, 38° 30'N latitude 

Northeast 77° 15'W longitude, 38° 45'N latitude 

(2) Again, examine the values closely and you will see that all four corners are comprised of 

two latitude values (77° 15'N, 77° 30'N). This is because map neat lines are lines of longitude and 
latitude. The four corners are the intersections of these lines. Therefore, we can determine that the 
west neat line is 77° 30' west longitude. Examine DA Form 1941 in figure 3-1 and determine the values 
of the north, south, and east neat lines; then compare your answers to the ones below. 
North neat line, 38° 45'N latitude 


South neat line, 38° 30'N latitude 


East neat line, 77° 15"W longitude 
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(3) The equivalent UTM grid values are also shown in this section of the form by the 
symbols E (easting) and N (northing). The UTM grid values are computed by a topographic surveyor 
from the geographic values. The easting and northing grid values are computed to .1 meter (ground 
distance) to provide the required accuracy when the projection is plotted on the grid. 


(4) Examine figure 3-2 again and you can determine that the UTM grid values for the 
northwest projection corner are 282740.3E and 4291794.9N. Refer back to figure 3-1 and determine 
UTM grid values for the remaining three corners. Compare your answers with the ones below: 


Southwest 281984.1E, 4264048.6N 
Southeast 303788.4E, 4263485.6N 


Northeast 304468.8E, 4291230.8N 


(5) In the next section you will examine how these UTM grid values are used to plot a 
projection on a grid. 


b. The projection corner measurements are the values that are used to plot the projection 
corners on a UTM grid. They are computed by a topographic surveyor from the UTM grid values. 
Figure 3-3 shows the NW projection corner obtained from DA Form 1941. Figure 3-4 shows an 
interpretation of how the dimension arrows relate to this particular projection corner. In order to plot 
this or any projection corner, you always plot the distance shown by the dimension arrows on DA Form 
1941 from the two grid lines shown for each projection corner. As shown above, point A is the location 
of the projection corner to be plotted on the grid which you have previously constructed. By comparing 
figure 3-3 to figure 34 it is seen that point A is plotted by measuring the two distances indicated by the 
dimension arrows shown. Essentially, point A is plotted .519 centimeters west of grid line 283 and 1.590 
centimeters north of grid line 4291. These measurements must be plotted from the grid lines 2b3 and 
4291 that are shown for this projection corner. The procedures for plotting this NW projection corner 
are outlined in the next lesson. Examine figure 3-1 and determine the plotting measurements of the 
remaining three corners. Compare your answers with the ones in figures 3-4a, 3-4b and 3c. 
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Figure 3-3. Northeast projection corner values and measurements. 


Figure 3-4. Plotting the northwest projection corner. 
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1903 cm 


Figure 3-4a. Southwest corner. 


Figure 3-4b. Southeast corner. 


3 
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Figure 3-4c. Northeast corner. 
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c. The conversion factor is a number used to convert actual ground distances in meters 
(expressed as UTM grid values) to an equivalent distance in centimeters at a particular map scale (fig 3- 
5). This value was used by the topographic surveyor to convert the UTM grid corners to the centimeter 
measurements discussed in the last paragraph. This value will also be used by you to convert the UTM 
grid values on DA Form 1932 to centimeter measurements in the next section of this lesson. 
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ox 
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Figure 3-5. Conversion factor. 


3. DA Form 1932 Components. There are various methods for plotting the graticule ticks that appear 
along the neat lines and the graticule intersections in the interior of a topographic map, but computing 
and plotting the values using DA Form 1932 has proven to be the most accurate ad the easiest. This 
section of the lesson will explain the various components of this form. Before continuing, examine the 
DA Form 1932 in figure 3-6 to familiarize yourself with the format of the form. The body of the form 
is divided into six sections by hold lines. Each of these six sections contains the geographic and UTM 
coordinates for a graticule tick. Since all standard topographic maps have more than six graticule ticks 
along the neat lines and graticule crosses in the map interior, several forms are included in each mapping 
project. A standard 1:500,000 scale topographic map has eight graticule ticks along the neat lines and 
four graticule crosses in the map interior, therefore more than one DA Form 1932 would be required to 
plot all the graticule ticks. 


49 


50 
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Figure 3-6. DA Form 1932. 


= 6 se;ebemaet sqrEtTEt EFty 1987 B—sEEPis 


ae 


(III 


fo 
COMPUTED BY 


DRF 
DA .19%,1932 


UT. M. GRID COORDINATES FROM GEOGRAPHIC COORDINATES 


Fee vse of thes orm ove Th 5-237, the propenantegency 1s USC ONA. 


We hi 


Po 273232 


Figure 3-6. DA Form 1932 (cont). 
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a. Heading (fig 3-7). The heading information of DA Form 1932 is very similar to DA Form 
1941. Prior to plotting the graticule ticks, inspect the heading information to insure that it agrees with 
DA Form 1941 and the project work order. 


U. T. M. Gao COORDINATES FROM GEOGRAPHIC COORGINATES 
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Figure 3-7. DA Form 1932 heading. 


b. Graticule ticks (fig 3-8). The geographic value and equivalent UTM grid value for each of 
the graticule ticks is located in each of the six sections of the body of the form. 


Figure 3-8. Graticule tick coordinates. 
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(1) The top line of each section is the "station" identification for the point. This is used by 
the surveyor when converting the coordinates of geodetic control, and will be left blank when the form 
is used to record graticule ticks. 


(2) Just below the "station" block is the geographic value for the graticule tick. The 
geographic values are recorded in the same manner as on DA Form 1941. © (phi) is the latitude value 
(line running east-west), and A (lambda) is the longitude value (line running north-south). 


(3) The next seven lines are used by the topographic surveyor to enter the computational data 
used to convert the geographic value to a UTM value. Since most computing is now done on 
calculators, this section is usually left blank. 


(4) The last line of each section is the northing (N) and easting (E) UTM grid equivalents of 
the geographics. These are the values you will use to plot the graticule tick. 


(5) By examining figure 3-8 you can determine that the UTM grid equivalents of the graticule 
tick 38° 30' west latitude, 77° 25' north longitude is 4263854.29 meters, north; 289252.26 meters, east. 
To plot this graticule tick, we must convert the UTM grid value to an easily measurable distance. The 
conversion factor (.002), listed on DA Form 1941, will be used to convert the grid values. This is 
accomplished by multiplying the grid values by the conversion factor. 


(6) To convert the UTM coordinates you need to examine each grid value separately. You 
will start with the northing value 4263854.29 meters, first. This northing coordinate says that the 
latitude value of the graticule tick is 4,263,854.29 meters north of the equator. We know that 1,000 
meter northing grid values are expressed by four digit numbers. Therefore, the first four digits of the 
northing value represents the 4263 grid line. The latitude value of the graticule tick is 854.29 meters 
from the 4263 grid line (fig 3-9). 


(7) Since you cannot accurately plot ground distance on a map, you must convert this 
distance to a measurable increment. Since the grid was constructed using centimeters, you will use 
centimeters as the measuring increment. To accomplish this, simply multiply 854.29 meters by thy 
conversion factor (.002). Therefore, the latitude value of the graticule tick is 1.709 centimeters above the 
4263 grid line (fig 3-9). 
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Figure 3-9 
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. Line showing 38° 30'N. 


(8) Now, let us examine the easting value 289252.26 meters. This easting coordinate says 
that the longitude value of the graticule tick has a value of 289,252.26 meters. You also know that 1,000 
meter easting grid values are expressed by three digit numbers. Therefore, the first three digits of the 
easting value represents the 289 grid line. The longitude value of the graticule tick is 252.26 meters from 


the 289 grid line (fig 3-10). 


77°25 Ww 


Figure 3-10. Lines showing 77° 25'W. 


(9) You must also convert the easting meter value to centimeters in order to accurately plot it 
on the grid. To do this multiply the 252.26 meter value by the conversion factor (.002). This gives you 
a centimeter measurement of .505 right of grid line 289 (fig 3-10). This point represents the longitude 


value of the graticule tick. 
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(10) The graticule tick 38° 30'W latitude, 77° 25'N longitude, is therefore located at the point 
where the previously determined centimeter measurements intersect each other (fig 3-11). The same 
procedures are followed to determine the plotting measurements of the remaining graticule ticks. 


38°30°N 


Figure 3-11. Lines showing both values 38° 30'N and 77° 25'W intersecting. 


4. Now you are familiar with the components of DA Forms 1941 and 1932 to plot projections. Now 
work through the review exercises. 
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REVIEW EXERCISES 


Now that you have worked through the instructional materials for Lesson 3, check your understanding 


by completing these review exercises. 


Try to complete all the exercises without looking back at the 


lesson. When you have completed as many of the exercises as you can, turn to the solutions at the end 
of the lesson and check your responses. If you do not understand a solution, go back and restudy the 


part in the lesson where the information is given. Paragraph references follow each solution. 


Note: Questions 1 through 4 refer to t-he DA Form 1941 in figure 3-12. 


1. What is the geographic value for the southwest projection corner? 
A. 33° 25' 00" N/112° 00' 00" W 
B. 33° 25' 00" N/112° 06' 00" W 
C. 112° 00' 00" N/33° 25' 00" W 
D. 112° 06' 00" W/33° 25' 00" N 
2. What are the UTM grid values for the southeast projection corner? 
A. 369774.534 E/407021.789 N 
B. 3697828.387 E/397723.535 N 
ce 407021.789 E/3697734.534 N 
D. 397723.535 E/3697828.387 N 
3: What are the projection corner measurements for the northeast corner and from what grid lines 


are the measurements taken? 


A. 


B. 


.372 cm from 07 and .504 cm from 05 


.372 cm from 05 and .504 cm from 07 


.793 cm from 98 and .880 cm from 05 


.793 cm from 98 and .880 cm from 98 
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Figure 3-12. DA Form 1941 (Phoenix, AZ). 


4. What is the value of the conversion factor? 


A. .002 
B. 02 
C. .004 
D. .04 


Note: Questions 5 and 6 refer co the DA Form 1932 in figure 3-13. 


5: Shat are the UTM grid values for graticule tick 33° 27' 30" N/112° 06' 00" W? 
A. 3702354.170 m E/407066.222 m N 
B. 3702448.082 m E/397752.856 m N 
C. 3702448.082 m N/397752.856 m E 


D. 3702354.170 m N/407066.222 m E 


6. What are the centimeter plotting measurements for graticule tick 33° 27' 30' W/112° 00' 00"N 
and from which grid lines are the measurements taken? 


(Conversion Factor = .004) 
A. .265 cm from grid line 407 and 1.417cm from grid line 3702 


B. .132 cm from grid line 407 and .703cm from grid line 3702 


o) 


.265 cm from grid line 3702 and 1.417cm from grid line 407 


o 


.132 cm from grid line 3702 and .703cm from grid line 3702 
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Figure 3-13. DA Form 1932 (Phoenix, AZ). 
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Figure 3-13. DA Form 1932 (Phoenix, AZ, cont). 
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EXERCISE SOLUTIONS 


B, 33° 25' 00" N/112° 06' 00" W 

C, 407021.789 E/3697734.534 N 

A, .372 cm from 07 and .504 cm from 05 
C, .004 

C, 3702448.082 m N/397752.856 m E 


A, .265 cm from grid line 407 and 
1.417 cm from grid line 3702 


(para 2a) 
(para 2a) 
(para 2b) 
(para 2c) 


(para 3b) 


(para 3b) 


LESSON 4 - MAP PROJECTION CONSTRUCTION 
OBJECTIVE: At the end of this lesson you will be able to construct a Transverse Mercator 
Projection on a large scale UTM grid. 
TASK: Task: 051-257-1204, Construct Map Projections.* 


CONDITIONS: You will have a calculator (optional), paper, pencil, and this subcourse booklet, 
and you will work on your own. 


STANDARDS: After completing the lesson, you will be given two opportunities to pass the 
performance test. If you do not pass the test on the second attempt, then you 


will be required to retake the lesson. 


REFERENCES: Extract of TM 5-240, chapter 4, section III, paragraph 4-11. 


*See STP 5-81C1-SM 
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INSTRUCTIONAL CONTENT 


1. Now that you are familiar with the components of DA Forms 1941 and 1932, you will now learn 
how to prepare the map projection. The earth is not a sphere but a spheroid (oblate, or flattened at the 
poles), and the various determinations of the shape of the spheriod are normally differentiated by their 
degree of flattening. The central problem in mapping and in projections is that no matter how small an 
area we might choose to map, there is still the problem of flattening. That is, the area of the earth's 
surface to the mapped, must be drawn to scale on a flat surface-a sheet of paper. A map projection is 
the systematic drawing of lines representing the meridians and parallels on the flat surface. Therefore, 
in laying out a projection the location of the intersections of lines of latitude and longitude (the 
graticules) are computed in accordance with the selected spheroid. Grids are applied to military maps to 
provide a uniform system for referencing or locating the position of points, and to assist in artillery 
operations. Grids are added because the converging meridians, as they intersect the parallels, delineate 
irregular shapes on the earth's surface. Therefore, positional relationships between points are not easily 
determined on this irregular figure pattern. However, there is a definite relationship between the grid 
and the graticule. So for each grid position, a corresponding geographic position can be determined. 


a. A representation of the earth's curved surface cannot be projected onto a plane surface and 
retain all distances, angles, and area in true relationship to one another. However, for small areas, 
distortion is often negligible so that the earth's surface may be mapped by frequently changing the 
position of the plane or changing the system of projection. The projections used as the framework for 
military maps have a common factor, they are all of the conformal type. Conformality implies that all 
areas upon the earth's surface retain their true shape upon the projection; therefore, the meridians and 
parallels intersect at right angles and they may be straight or curved lines. Military topographic maps of 
scales larger than 1:50,000 of areas between 80° south and 84° north are produced on the Transverse 
Mercator Projection. This is the most common projection that an Army cartographer will work with. 


b. Although, in reality, a UTM grid is superimposed on a Transverse Mercator Projection, the 
construction of these is reversed. When constructing a map base, the grid is constructed first then the 
projection is plotted on the grid. 


2. Plotting of projection corners. The construction of the four projection corners is a simple, 
mechanical operation of setting the centimeter measurements on the dividers from the invar scale, and 
plotting these measurements in the directions indicated on the form. The intersection of the two plotted 
values is the sheet corner. Listed on the next page are the steps involved in plotting the projection 
corner. Each step is then followed by a detailed description of how to perform the operation. 
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Figure 4-1. DA Form 1941 (Virginia). 


Steps in plotting projection sheet corners (fig 4-1): 


Step 1: Determine from DA Form 1941 the grid square in which each projection corner falls. Since 
you already know how to read grid coordinates, and you have learned how to interpret the DA Form 
1941 in the last lesson, this should be simple. For illustration purposes we will use the northwest corner 
as an example. First, determine the grid values of the first full grid lines on DA Form 1941 for the 
northwest corner. Then locate the same two grid lines on the grid (fig 4-2). 


Figure 4-2. Northwest portion of grid. 


Step 2: Plotting projection corners: 
a. Extract from DA Form 1941 the centimeter measurements for each corner. 
b. Set the precise measurements on dividers using the invar scale. 


c. Plot measurements from the correct grid line in the direction indicated by the arrows on DA 
Form 1941. 


d. Again, you will use the northwest corner as an example. The NW projection corner is shown 


in figure 4-3 with information taken from DA Form 1941. Figure 44 is an interpretation of how the 
dimension arrows relate to this particular projection corner. In order to plot this or any projection 
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corner, you always plot the distances shown by the dimension arrows from the two grid lines shown for 
each projection corner. As shown, point A is the location of the projection corner to be plotted on the 
grid which you have previously constructed and labeled. By comparing figure 4-3 to figure 444, it is seen 
that point A is plotted by measuring the two distances indicated by the dimension arrows shown. 
Essentially, point A is plotted .519 centimeters west of grid line 283 and 1.590 centimeters north of grid 
line 4291. These measurements must be plotted from the grid lines 283 and 4291 that are shown for 
this projection corner. The procedure for constructing this NW projection corner is outlined in the 
following steps, All projection corners will be plotted in a very similar manner, except the measurements 
will change for each projection corner that you will plot. 


Figure 4-3. Northwest corner on Form 1941. 
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Figure 4-4. Distances to point A. 
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Step 3: You will begin with the westerly measurement which indicates that the projection corner 
must be plotted .519 centimeters west of grid line 283. Remember that the measurement must be 
plotted from the 283 grid line, because it is the grid line shown on DA Form 1941 for this particular 
projection corner. Therefore, from the top two grid intersections (fig 4-5) on grid line 283, swing an 
arc .519 centimeters west of this grid line. Notice that these arcs are also plotted from the 283 grid line 
toward the grid corner. 


Grio 


saa Oe 
281 


Figure 4-5. Plotting .519 centimeters on grid. 
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Step 4: The intersections formed by the .519 centimeter arcs and grid lines are now connected with a 
light construction line (fig 4-6). This line determines the easting coordinate of the projection corner and 
tells us that the projection corner is located somewhere on this line. To determine the exact position, 
we must now plot the northing measurement 1.590 centimeters as shown on DA Form 1941. 
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Figure 4-6. Connecting points (.519 centimeters). 
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Step 5: Since we plot from the grid line 4291 shown on DA Form 1941, swing an arc 1.590 
centimeters north from the grid intersections shown on grid line 4291 (fig 4-7). Notice that these arcs 
are also plotted from the grid line toward the grid corner. 


GRID 


Figure 4-7. Plotting 1.590 centimeters on grid. 
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Step 6: The intersections formed by the 1.590 centimeter arcs and grid lines are also connected with 
a light construction line as shown in figure 4-8. This line establishes the northing coordinate of the 
projection corner. 


Figure 4-8. Connecting points (1.590 centimeters). 


Step 7: The intersection of the two light construction lines locates the exact position of the NW 
projection corner as shown in figure 4-9. Mark this intersection with a very small pinprick and erase all 
construction lines and arcs used to locate the corner. 


Figure 4-9. Projection corner (projection line). 
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Step 8: Next, proceed to the remaining projection corners and plot their corresponding locations. 
Always remember to plot the given measurements from the grid lines shown on Form 1941, and always 
plot from these grid lines toward the grid corners. 


3. Plotting the graticule. Once the projection corners have been plotted, the next step is to locate and 
plot the graticule on the grid. As discussed earlier, the graticule is a network of lines which represent the 
parallels and meridians that form a map projection. It is the intersection of these parallels and meridians 
that you want to plot. Graticule ticks, which represent these intersections, must be plotted for all four 
sides of the projection, and for the interior crosses. In the following example, the north neat line will be 
used as an example to show how to plot the graticule ticks. 

Steps in plotting the graticule: 

Step 1: Determine the correct graticule interval for the desired scale. 

The minimum interval between graticule ticks is the first item to be determined. This interval 
depends solely upon the scale of your compilation base. As shown on DA Form 1941, the scale is 
1:50,000. By referring to (extract) TM 5-240, figure 4-7, the figure indicates that graticule ticks must be 
plotted every 5 minutes (5'00") as measured from the prime meridian. 

Step 2: Plot all graticule intersections using UTM grid coordinates provided on DA Form 1932. 
a. Determine the grid square in which the graticule intersection falls. 
b. Determine the measurement from the grid lines to the graticule intersection. 


c. Plot the graticule intersection using the dividers and invar scale. 


Figure 4-10 is the upper section of DA Form 1941. From the form you can determine that the north 
neat line has a geographic value of 38° 45' north latitude. 
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Figure 4-10. Upper portion of DA Form 1941 (Virginia). 
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Figure 4-11. DA Form 1932. 


Step 3: Examine the DA Form 1932 in figure 4-11 and locate a graticule tick whose latitude (©) 
value is 38° 45'. There are two graticule ticks that fall along the north neat line. The two graticule ticks 
are as follows: 


TT° 25'W 38° 45'N 
TT° 20'W 38° 45'N 
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For the purpose of this example we will plot only one graticule tick (77° 25'W 38° 45'N). All graticule 
ticks are plotted in the same manner. 
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Figure 4-11. DA Form 1932 (cont). 
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Refer to the DA Form 1932 (fig 4-12) and determine the UTM grid square in which the graticule tick 
falls. 


Figure 4-12. Portion of DA Form 1932. 


In Lesson 3 you learned that the first four digits of the "N" coordinate and first three digits of the "E" 
coordinate are the same as the 1,000-meter grid lines. Therefore, the graticule tick 77° 25'W 38° 45'N 
falls in grid square 289 4291 (fig 4-13). 


Figure 4-13. Portion of grid. 
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Step 4: Once the grid square is located, the next step is to determine the graticule plotting 
measurements. You learned this procedure in Lesson 3 but for a refresher let us go through it again. 
From the DA Form 1932 (fig 4-12) you determined that the graticule ticks UTM grid value is 
289983.006 meters east and 4291600.212 meters north. From these coordinates we can determine that 
the graticule tick lies 983.006 meters from grid line 289E, and 600.212 meters north of grid line 4291N 
(fig 4-14). 


Figure 4-14. Plotting 983.006 meters/600.212 meters. 


Step 5: By multiplying these meter measurements by the conversion factor (.002) we can determine 
the centimeter plotting measurements. 


983.006 600.212 
x .002 x .002 
1.966012 ca 1.200424 ca 


Therefore, the graticule tick 77° 25'W 38° 45' is plotted 1.966 centimeters east of grid line 289E, and 
1.200 centimeters north of grid line 4291N. 
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Step 6: Graticule ticks are plotted the same way that the projection corners were plotted. You will 
begin with the westerly measurement which indicates that the projection tick must be plotted 1.966 
centimeters east of grid line 289. Remember that the measurement must be plotted from the 289 grid 
line because it is the grid line shown on DA Form 1932 for this particular graticule tick. Therefore, 
from the top two grid intersections (fig 4-15) on grid line 289, swing an arc 1.966 centimeters east of this 
grid line. Notice that these arcs are plotted from the 289 grid line toward the next higher easting grid 
line. 


Figure 4-15. Plotting 1.966 centimeters. 


Step 7: The intersections formed by the 1.966 centimeter arcs and grid lines are now connected with 
a light construction line (fig 4-16). This line determines the easting coordinate of the graticule tick and 
tells us that the graticule tick is located somewhere on this line. To determine the exact position, you 
must now plot the northing measurement 1.200 centimeters as determined from DA Form 1932. 


80 


Figure 4-16. Connecting arcs. 


Step 8: Since you plot from the grid line 4291 shown on DA Form 1932, swing an arc 1.200 
centimeters north from the grid intersections shown on grid line 4291 (fig 4-17). Notice that these arcs 
are also plotted from the grid line toward the next higher northing grid line. 


Figure 4-17. Plotting 1.200 centimeters. 
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The intersections formed by the 1.200 centimeter arcs and grid lines are also connected with a light 
construction line as shown in figure 4-18. This line establishes the northing coordinate of the graticule 
tick. 


Figure 4-18. Connecting points. 


Step 9: The intersection of the two light construction lines now locates the exact position of the 77° 
25'W 38' 45'N graticule intersection (fig 4-19). Mark this intersection with a very small pinprick and 
erase all construction lines and arcs used to locate the corner. 


a GRATICULE INSTERSECTIONS 


Figure 4-19. Graticule intersections. 
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Step 10: Now, proceed to the other graticule intersections and plot their locations. Always 
remember to plot the given measurements from the grid lines shown on DA Form 1932 and always plot 
from these grid lines toward the next higher grid line. Once all the graticule ticks and intersections have 
been plotted from DA Form 1932, you will have points that fall between each of the four corners and in 
the interior of the grid. These points represent the graticule ticks and intersections along the map neat 
lines and the interior crosses. 


4. Drafting and labeling the projection. The hardest part of constructing map projections is now 
complete. The remaining steps are relatively simple and involve symbolizing and labeling the projection. 
These steps are outlined and explained as follows: 


Step 1: Construct neat lines by connecting the projection corners and graticule intersections with 
straight lines (fig 4-20). Seams simple enough! Using your straightedge and sharp 5-H pencil, connect 
the plotted projection corners and graticule ticks with straight lines. If everything has been correctly 
plotted, the graticule intersections on the east and west edges will be in a straight line between the north 
and south corners. The north and south neat lines will form parallel curves. 


Figure 4-20. Neat line with grid and graticule ticks. 
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Step 2: Drafting graticule ticks (fig 4-21). The graticule ticks along the neat lines and interior crosses 
can now be properly symbolized. Refer to the 25-50-100 style sheet (arrangement A) in the back of this 
subcourse, and examine the graticule ticks and intersections. On the south neat line find the graticule 
tick 55'. This tick is symbolized by a short straight line. A red dimension number is located at the end 
of this tick which reads .15". All graticule ticks are symbolized with a short tick mark .15" long. Now 
locate on the style sheet the interior cross with a geographic value of 50'W 35'N. The graticule 
intersection is symbolized by a cross whose dimensions are .30" x .30". The dimension .006" is the line 
weight of the cross. This line weight pertains to the final color separation dimension, not the pencil 
drafted copy, so do not worry about it now. All graticule intersections are drafted with a cross .30" long. 


a. To draft the graticule ticks, take your straightedge and draft a .15" line originating from the 
intersection of each of the plotted graticule ticks and neat lines. Be sure that the tick is perpendicular 
with the neat line. 


b. To draft the graticule intersections, again use your straightedge and draft a cross .30" long 
using the plotted position as the origin of the cross. Also make sure the two lines are parallel with the 
south and east or north and west neat lines. 


Step 3: Erase all excess lines falling beyond the neat lines of the projection. Using a large eraser (art 
gum eraser), erase all the grid lines and grid numbers that appear outside of the neat lines. 


Step 4: Label the grid lines using the data on DA Form 1941 in accordance with the DMATC TM S- 
1 Style Sheet (fig 4-21). Refer again to the style sheet in the back of this subcourse and label the grid 
lines along the neat lines. Use the DA Form 1941, figure 4-1, for the grid numbers. Ignore the blue 
grid numbers on the style sheet. This is for an overlapping grid which will not be covered in this 
subcourse. 


Note: In the southwest corner the first grid line carries the full UTM grid value. 


Step 5: Using the data from DA Forms 1941 and 1932, label the projection corners and graticule 
ticks (fig 4-21) in accordance with DMATC TM S-1 Style Sheet. 
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Figure 4-21. Labeling grid and graticule ticks. 


Again. refer to the style sheet in the back of this subcourse (arrangement A). All four corners are 
labeled with their longitude and latitude values. This information can be obtained from the DA Form 
1941. The graticule ticks are labeled with their minute (') value only. Since the four corners show the 
degree values, they are omitted for the graticule ticks. 


Note: The graticule tick values along the north and south neat lines represent longitude and those values 
along the east and west neat lines represent latitude. This is because the north and south neat lines are 
the longitude value of the graticule. The east and west neat lines represent the latitude. These lines are 
already labeled and it would be redundant to label them again at the graticule tick intersection. 


5. This completes the construction of a Transverse Mercator Projection. Before you take the exam, 
practice constructing a map projection by working through the review exercises. 
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REVIEW EXERCISES 


Now that you have worked through the instructional materials for Lesson 4, check your understanding 
by completing these review exercises. Try to complete all the exercises without looking back at the 
lesson. When you have completed as many of the exercises as you can, turn to the solutions at the end 
of the lesson and check your responses. If you do not understand a solution, go back and restudy the 
section in Lesson 4 where the information is given. Paragraph references follow each solution. 


1. Refer to figure 4-22. In what grid square does the southwest projection corner fall? 
A. 0890 
B. 0872 
C. 7214 
D. 7283 


2. Refer to figure 4-22. When plotting the longitude line 77°03'00", what centimeter values should 
you use? 


A. 1.702 cm, 1.654 cm 
B. £875 cm, 1.238 cm 
C. 1.645 cm, 1.348 cm 


D. £875 cm, 1.702 cm 


Se You construct the neat lines by connecting what? 
A. The projection corners and graticule intersections 
B. The sheet comers and grid lines 
Cc, The interior crosses and graticule intersections 
D. The projection corners and interior crosses 
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Refer to figure 4-23. You have to plot the graticule intersection latitude 38°40', longitude 77°03’. 
What are the centimeter values? 


A. 1.148 cm, 1.288 cm 
B. 1.328 cm, 1.148 cm 
C. 1.328 cm, 1.100 cm 


D. 328 cm, .148 cm 


Refer to figure 4-23. In what grid square would latitude 38°40’, longitude 77°03’ fall? 


A. 8121 
B. 1516 
C, 2181 


D. 1615 
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Figure 4-23. DA Form 1932 (Ft. Belvoir, VA). 
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Figure 4-23. DA Form 1932 (cont). 
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LESSON EXERCISE RESPONSE SHEET 
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B, 0872 
C, 1.645 cm, 1.348 cm 


A, The projection corners and 
graticule intersections 


A, 1.148 cm, 1.288 cm 


C, 2181 


EXERCISE SOLUTIONS 
(para 2) 


(para 3) 


(para 2) 
(para 2) 


(para 2) 


OBJECTIVE: 


TASK: 


CONDITIONS: 


STANDARDS: 


*See STP 5-81C1-SM 


LESSON 5 - GEODETIC CONTROL 


At the end of this lesson you will be able to extract and interpret the necessary 
information from DA Form 1959 (Description or Recovery of Horizontal Control 
Station) to plot geodetic control on a UTM grid and projection. 


Related Task: 051-257-1205, Plot Geodetic Control.* 


You will have a calculator (optional), paper, pencil, this subcourse booklet, and 
you will work on your own. 


After completing the lesson, you will be given two opportunities to pass the 


written performance test. If you do not pass the test on the second attempt, then 
you will be required to repeat the lesson. 
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INSTRUCTIONAL CONTENT 


1. The term "control" used in mapping, refers to the established system of coordinated data, which 
determines both the horizontal and vertical positions of specific points or features on the earth's surface. 
Control is necessary to tie the features on the earth to the UTM grid and geographic coordinate systems, 
and to establish the elevation of the terrain. Without control it would be extremely difficult, if not 
impossible, to prepare an accurate map. Control points are plotted from DA Form 1959 (Description or 
Recovery of Horizontal Control Station) on a grid and projection base so that the map compiler can 
accurately compile maps. During this lesson you will learn how to read and interpret the data from the 
DA Form 1959 necessary to plot control. 


2. DA Form 1959 Components. DA Form 1959 is used by the geodetic surveyor to record the 
precise location and description of horizontal, and vertical control points. These forms are normally 
published in book form (known as trig lists) for a map sheet or sheets. The trig list is normally 
furnished to the cartographer as source material. The cartographer then plots, symbolizes, and labels all 
control points contained in the trig list. Before continuing, examine the DA Form 1959 in figure 5-1 so 
that you are familiar with the format of the form. The items highlighted are those items needed to plot 
geodetic control. 
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COUNTRY TY OF MARK pTATIO 
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Description 


The wark is a brass piug mounted in a 6" x 6” cement monument in the center of state 
Rt. 619. The point is 200 meters south of the intersection of stare Rr. 646 aad 619. 
The point is 755 meters north of a point where power lines running east-west crosses 
state 8t. 619 and.10 aeters from a wire fence on the west side of stare &t. 619, 


To reach the point from I-95 near Dumfries, VA proceed north west 6 miles on state 
Rt. 234 until the intersection of state Rt. 646, turn west, go 200 metere and turn 
south on state Rt. 619, go 200 meters south to the point. 


D A Form 1359 ine saa ewer mises DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 


190a7 ARE OBSOLETE 17M S237; 


Figure 5-1. Completed DA Form 1959 for station "Adams." 


a. Heading (fig 5-2). The heading information provides the form user with identifying data 
about the control points such as the country in which they are located, the type of marker used to locate 
the points, the control station name, the area the control points are in (city, county, province, or map 
sheet number), and the agency who surveyed the control points. 
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Figure 5-2. Heading information of DA Form 1959 for station ''Adams." 


b. Control point location (fig 5-3). The location of the control point, in UTM grid coordinates 
and geographic values, is located on the three lines below the heading information. The control point 
will be plotted using the UTM grid coordinates, therefore, the geographic coordinates can be ignored. 
By examining the form, (fig 5-3) we can determine that the UTM grid value for control point "Adams" 
is 287857.217 meters E, 4278450.145 meters N. From what you have learned in Lesson 3, we can 
determine that the control point lies 857.217 meters east of grid line 287 and 450.145 meters north of 
grid line 4278. Since we cannot accurately plot these meter measurements on the grid, we must multiply 
the meter ground measurements by the conversion factor of .002 (fig 1-1). Therefore, control point 
"Adams" is located 1.714 centimeters east of grid line 287 and .900 centimeters north of grid line 4278 
(fig. 5-4). These centimeter measurements are used to plot the control point which you will learn how 
to do in Lesson 6. 
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Figure 5-3. UTM Grid values and geographic values (DA Form 1959). 
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Figure 5-4. Grid showing location of "Adams." 


c. Sketch (fig 5-5). A sketch of the control point is located in the lower right corner of DA 
Form 1959. Although the sketch is not used to plot the control point, it is used by the cartographer 
during compilation to locate the point on aerial photography. During the compilation phase, you will 
need this sketch to locate the control point on an aerial photograph, so that the compilation base and 
photograph can be accurately aligned to each other. 


3. These are the only parts of DA Form 1959 that a cartographer needs to plot geodetic control. 
During your next lesson you will learn how to plot the control on a grid and projection. 
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Description 


The mark is a brass plug mounted 1n a 6~ x 6” cement monument in the center of state 
Re. 619. The point is 200 meters south of the intersection of state Rt. 646 and 619. 
The point is 755 meters north of a point where power lines running east-west crosses 
state Rt. 619 and 10 meters from a wire fence on the west side of state Rt. 619. 


To reach the poinr From [-95 near Dumfries, VA proceed northwest 6 oiles on state Rt. 
234 until the intersection of state Rt. 646, turn west, go 200 meters and Curn south 
on state Re. 619, go 200 meters south to the point. 


DA fm.1 G59 sss ves nants DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
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Figure 5-5. Bottom of DA Form 1959 for station ''Adams." 
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REVIEW EXERCISES 


Now that you have worked through the instructional materials for Lesson 5, check your understanding 
by completing these review exercises. Try to complete all the exercises without looking back at the 
lesson. When you have completed as many of the exercises as you can, turn to the solutions at the end 
of the lesson and check your responses. If you do not understand a solution, go back and restudy the 
section in Lesson 5 where the information is given. Paragraph references follow each solution. 


Note: All questions refer to the DA Form 1959 in figure 5-6. 


1. What is the name of the geodetic control point? 
A. Rm 1 
B. Cotton 


es Maricopa 


D. AMS 1962 


2, What are the geographic coordinate values of the control point? 
A. 33° 03' 15.771" N/112° O1' 32.659" W 
B. 3657591.90 N/404234.41 E 
C. 33° 03' 15.771" W/112° O1' 32.659"N 


D. 3657591.90 E/404234.41 N 


3: What are the UTM grid coordinate values of the control point? 
A. 33° 03' 15.661" N/112° O1' 32.659"W 


B. 3657591.90 N/404234.41 E 


2) 


33° 03' 15.771' W/112° O1' 32.659"N 


-) 


3657591.90 N/404234.41 N 
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4, What are the centimeter plotting measurements for the control point, and from which grid lines 
are the measurements plotted? (Conversion factor = .004.) 


A. .938 cm from grid line 04 and 2.368 cm from grid line 57 
B. 234.41 cm from grid line 04 and 591.5 m from grid line 57 
Cc. 2.368 cm from grid line 04 and .938 cm from grid line 57 


D. 469 cm from grid line 04 and 1.184 cm from grid line 57 


5: The control point sketch is used by the cartographer during compilation to: 
A. Locate the point on the compilation base 
B. Symbolize the point 
Cc. Recover the control point 


D. Locate the point on aerial photography 
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The station is marked by a Corps of Engineers, US Army disk sramped: COTTON |1962 
ARMY MAP SERVICE” sec in the cop of a round concrete post, if inches in diameter, the 
top of which projects 0.1 meter above ground. 


The station is located 2.2 weters south of the centerline of a road west, 7.6 
meters wesc of the centerline of a road north; 1.7? weters north of the center of the 
north edge of a concrete irrigacion headwali; |.i meters ease of a 4 x 4-inch white 
witness post. 

To reach from che Southern Pacific Railroad gerade crossing in Maricopa, Arizona, 
go north on the Maricopa~Phoenix Highway for 0.1 mile to a crossroad, turn right and 
go east for 1.3 miles Co 2 road to the right, turn right and go south for 0.25 mile 
to the station site near the center of the northwest 1/4 section 26, T-4-S, R-3-E, 

R.M. No. i: <A Corps of Engineers disk stamped “COTTON R.M NO. | 1962 ARMY MAP 
SERVICE,” set ta the top of a couad cencrete post, the top of which is flush with the 
ground, located 6.828 aeters aorth of the station mark. 

&.M. No.2: <A Corps of Engineers disk stamped “COTTON R.M. NC. 2 1962 ARMY MAP 
SERVICE,” eet in the top of a round concrete post, the top of which projects 0.1 
meter above ground, located 11.412 meters west of the station mark and 13.3 gweters 
west-southwest of B.M. No. 1. 

AZIMUTH MARK: A Corpse of Engineers disk 
stamped “TT N-31 ARMY MAP SERVICE 1961,” set 
in the top of a concrete sonument 0.25 meter 
in the ground, Located 3.2 seters north of the 
north edge of the road bank; 4.] @eters west~- CULT FIELD 
northwest of a telephone pole, and 1.0 meter 
aortheast of a fence poec. 
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Figure 5-6. Completed DA Form 1959 for station "Cotton." 
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LESSON EXERCISE RESPONSE SHEET 


107 


108 


EXERCISE SOLUTIONS 


B, Cotton (para 2a) 
A, 33° 03' 15.771' N/112° O1' 32.659"W (para 2b) 
B, 3657591.90 N/404234.41 E (para 2b) 


A, .938 cm from grid line 04, and 2.368 cm from (para 2b) 
grid line 57 


D, Locate the point on aerial photography (para 2c) 


LESSON 6 - PLOTTING GEODETIC CONTROL 


OBJECTIVE: At the end of this lesson you will be able to plot geodetic control on a large scale 
UT® grid and projection. 

TASK: Task: 051-257-1205, Plot Geodetic Control.* 

CONDITIONS: You will have a calculator (optional), paper, pencil, this subcourse booklet, and 


you will work on your own. 
STANDARDS: After completing the lesson you will be given two opportunities to pass the 
performance test. If you do not pass the test on the second attempt, then you 


will be required to repeat the lesson. 


REFERENCES: Extract of TM 5-240, chapter 4, section III, paragraphs 4-11c and d, 4-13,I 4-14. 


*See STP 5-81C1-SM 
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INSTRUCTIONAL CONTENT 


1. Now that you have learned how to read and interpret the information on DA Form 1959 necessary 
to plot geodetic control, you will learn how to plot this control on a compilation base. Plotting control is 
the last step in the construction of a compilation base. It is the cartographer's responsibility to accurately 
plot, symbolize, and label all the surveyed control points given him. This is the control which can be 
used to align aerial photographs to a compilation base. 


2. Plotting Geodetic Control. Plotting geodetic control is described below in small steps. After each 
step is a brief explanation about the step. These steps will explain how to plot control using the same 
DA Form 1959 that we used in Lesson 5. If you have any problems, reread the previous steps and the 
extract of TM 5-240. 


Steps in plotting control (fig 6-1): 


Step 1: Refer to the UTM grid coordinates of the geodetic control point as listed on the DA Form 
1959. Locate the grid square on the grid base in which the point is to be plotted (fig 6-2). You learned 
in the previous lesson how to extract the coordinates from DA Form 1959. The next step is to locate 
the appropriate grid square. From the DA Form 1959 (fig 6-1) we can determine that control point 
"Adams" falls in the grid square containing the grid lines 287 and 4278. In figure 6-2, the grid lines are 
intensified for your reference. 
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Description 


The mark is a brass plug mounted in a 6° x 6° cememt monument ia the center of state 
Rt. 619. The point is 200 meters south of the intersection of stare Rt. 646 and 619. 
The poine is 755 meters north of a point where power iines cuaning east-west crosses 
State Rt. 619 and 10 merers from a wire fence on the west side of state Rt. 619. 


To reach the petac from I-95 near Dumfries, VA proceed northwest 6 miles on atace Rew 
234 uncil che imtereeccion of srate Rt. 646, turn west, go 200 aeteces and curn south 
un state Rt. 619, go 200 metera south to the point. 
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Figure 6-1. Completed DA Form 1959 for station "Adams." 


Figure 6-2. Northwest portion of grid. 


Figure 6-3. Plotting point in grid square 78-87. 


Step 2: Determine the grid distance to the geodetic control point from the grid lines which identify 
the grid square (fig 6-3). You learned how to do this in Lesson 5. From DA Form 1959, we 
determined that the control point lies 857.217 meters east of grid line 287, and 450.145 meters north of 
grid line 4278. We now multiply this by the conversion factor (.002) found on the DA Form 1941 
(Lesson 1). Therefore, the control point will be plotted 1.714 centimeters east of grid line 287, and .900 
centimeters north of grid line 4278. 
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Step 3: Plot the easting value of the control point by plotting the measurement from the easting grid 
line along the two northing grid lines bordering the grid square (fig 6-4). If you have dividers, swing an 
arc 1.714 centimeters east of grid line 287 from the two grid intersections shown in figure 6-4. 
Remember that the eastings are plotted to the right just the same as reading a map. 


Figure 6-4. Swinging arcs from grid line 87 (1.714). 


Step 4: Connect the two arcs with a very light construction line (fig 6-5). Use a very sharp pencil 
and be very careful that the line is drawn accurately. The control point lies somewhere upon this line. 


Figure 6-5. Connecting arcs. 
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Step 5: Using the invar scale, set the measurement for the northing value of the control point on the 
dividers. Take your dividers and set the two needle points so that they are .900 centimeters apart. 


Step 6: Plot the northing value of the control point by plotting the measurement from the northing 
grid line along the two easting grid lines bordering the grid square (fig 6-6). Swing an arc .900 
centimeters north of grid line 4278 from the two grid intersections shown in figure 6-6. 


Figure 6-6. Swinging an arc from grid 78 (.900). 
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Step 7: Connect these two arcs with a very light construction line (fig 6-7). 


Figure 6-7. Connecting arcs from grid 78. 


a. Again, using a very sharp pencil, draw a straight line and connect the two arcs. 


b. The intersection of the two construction lines locates the exact position of the control point. 


Step 8: Symbolize and label the plotted control point (fig 6-8). 


Figure 6-8. Grid with control station ''Adams" plotted. 
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a. Compilation symbols for control points are located in TM 5-240, chapter 4, paragraph 4-7. 
Refer to the (extract) TM 5-240 Page 131, and locate the symbol for a geodetic control point. (This is 
the first symbol: which is a 1/2" triangle). The control point symbol is drawn so that the control point 
is in the center of the triangle. 


b. The control point name is written beside the triangle symbol. The point name is in the 
heading of DA Form 1959. Therefore, our correctly plotted, symbolized, and labeled control point 
would appear as in figure 6-8. 


3. All control points are plotted the same way. Once all the control points have been plotted, the 


compilation base is complete. Before taking the exam, practice plotting control by working through the 
review exercises for this lesson. 
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REVIEW EXERCISES 


Now that you have worked through the instructional materials for Lesson 6, check your understanding 
by completing these review exercises. Try to complete all the exercises without looking back at the 
lesson. When you have completed as many of the exercises as you can, turn to the solutions at the end 
of the lesson and check your responses. If you do not understand a solution, go back and restudy the 
part in the lesson where the information is given. Paragraph references follow each solution. 


1. Refer to figure 6-9. What is the conversion factor for the projection? 
A. a 
B. .002 
C. .04 
D. .004 


Ze Refer to figure 6-10. In what direction do you plot longitude 77° 10' 18" from grid line 311? 


A. North 

B. South 

C. East 

D. West 

3. Refer to figure 6-11. What is the grid intersection for latitude 38° 44' of .149. longitude 77° 09' 

39.599"? 

A. 8912 

B. 4231 

C. 1289 

D. 3142 
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DA .228,1941 
Figure 6-9. Completed DA Form 1941 (Ft. Belvoir, VA). 
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Station Tower is located at the base of the range tower at Hill Range. To reach 
Station Tower travel 0.2 miles south on US Route | From the intersection of Route | 
aod Highway 617 to an unimproved dirt road. ‘Turn left on this road and proceed south 
0.3 miles to a T intersection. Turn right at this intersection and travel 0.3 ailes 


to Hill Range. 
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Figure 6-10. Completed DA Form 1959 for station "Tower" 


121 


122 


. YPE OF MARK sv ation 


OuUNTRY 
USA | BReNZE Disk Lacy 

LOCALITY STAMPING ON MARK AGENCY CAST im MARKS: EVEVATION = 
FT BELVvoirn ,VA 'LACY 193 USC ¥ GS F250 vas 
LATITODE LONGITUDE oarTum DATUM 
3a° 44" og.ida* 77° 09° 39.599" CLARKE 18t4 1927 NAD 
NORTHINGHEASTING (EASTING NOAT NING! FT. GP?ID AND LONE ESTABL.SHEC BY AGENCY’ 

428 4445.83 S!2166.27 uT™m !'BS [USC tQs 
TNORTMING EASTING: TEASTINGINORT MING "FT -GRIO AND IOVE DATE ORDER 

7 {93 
rT? OBTAIN Fj GAD azimuTH soc {By ” 2! 74 TO THE GSECOETIC AZIMUTH 
TO OBTAIN GAO az 1AD01.5uUB8 1 7 TO THE GEODETIC AZimuTH 
AZtiMyTH OR DIRECTION! 7 
ouster L_segpericaomian | pack azmurm  wettng reer: | wetensn heen 

+ Betvore ates ° 2S x9 Zz 2 $$ .4 

"4 | a 4 » 


Station is Located. about 1.8 wiles N of the village of Accotink on Fort Belvoir 
Military Reservation. it is approximately 15 MW. of the ¢/L intersection of State 
Hwy 613 (Accotink Road) and Woodlawn Road. 

Station is a standard USC&GS Bronze Survey Dish set in a 20 centimeters cuoucrete 
square momugent that protrudes 2 centimeters above the ground. 

To reach from the intersection of US Hwy #1 and State Hwy 617 (Backlick Road), 
proceed N 0.3 miles on Hwy 617 to “Y” intersection and railroad underpass, veer cight 
(N) chrough underpass and proceed N on Stace Hwy 613 [.6 miles to intercsectlon with 


Woodlawn Road and station site. 
Station is lecated 28.3 feet From a Fire hydrant which as a magnetic aziauth of 


140° from the station and 51 feet wemut of the c/L of the road. 


RM #4. A standard Bronze Disk stamped 
“Lacy BM 4 1934” sec in 20 cent iseters 
square concrete monument Located on a 


high spot of ground west of Hwy 613 
and south of a dirt road leading west. 


RM #5: A standard Bronze Disk stamped 
“Lacy BM 5 1934” set in a 20 centimeters 
square coacrete aonumecnt that protrudes 
7? centimeters above the ground on the 
W side of a network of dirt roads about 


the station site. 
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Figure 6-11. Completed DA Form 1959 for station ''Lacy." 
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EXERCISE SOLUTIONS 


1. A, .002 (para 2) 
2. D, West (para 2) 
3. C, 1289 (para 3) 
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Note: The following material is an Extract of TM 5-240 
CHAPTER 4 


PREPARATION OF THE COMPILATION BASE 


Section I. PROJECTION AND GRIDS 
4-1. Introduction 


A map is defined as a graphic representation, usually on a plane surface and at an established scale, of 
the natural and artificial features on a portion of the earth's surface. Because the portion of the earth's 
surface depicted is actually part of a spheroid, any attempt to represent it on a flat surface results in 
inevitable distortions. One of the first tasks in mapmaking, then, is to select some form of 
representation that will minimize these distortions. The projection is the method by which a portion of 
the earth's surface or the entire spheroid is represented on a plane. 


4-2. Latitude and Longitude 


a. A map projection is a systematic drawing of lines on a plane surface to represent the parallels 
of latitude and the meridians of longitude of the earth or a section of the earth. The plan of these lines 
upon the earth's surface is the system of spherical coordinates based upon the Prime Meridian which 
passes through Greenwich, England and the equatorial plane. The angular distance east or west of the 
Prime Meridian is referred to as longitude. The angular distance north or south of the equator is 
referred to as latitude. Figure 4-1 illustrates how the latitude and longitude of a point on the earth's 
surface are measured. 
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Figure 4-1. Determination of latitude and longitude. 


b. A great circle is an imaginary circle on the earth's surface, the plane of which passes through 
the earth's center. Each meridian is one half a great circle in length, (two opposite meridians make one 
great circle) and all meridians converge at the two polar points. Longitude is reckoned from 0° to 180° 
east and west from Greenwich, the Zero Meridian. 


c. Latitudinal measurements are expressed in terms of parallels, each of which is a line which 
encircles the earth at a constant distance north or south of the equator. No parallel of latitude, except 
the Equator, is a great circle; that is, their planes do not intersect the earth's center but cut through the 
earth parallel to the plane of the Equator. Parallels are numbered from 0° at the Equator north and 


south to 90° at the poles. 
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d. Although Greenwich, England, is commonly used as a prime meridian of longitude, other 
prime meridians of longitude are also used in various countries. Since the Meridian Conference of 1884, 
Greenwich has been used by almost every nation in the world. FM 21-26 lists the locations of some of 
the other prime meridians with reference to the Greenwich meridian. 


e. The network of meridians and parallels is called the graticule. 
4-3. Properties of Projections 


Despite their inherent distortions, every projection is designed to present accurately certain relationships 
which exist on the earth's surface. To preserve the desired property, however, it becomes necessary to 
sacrifice other features. Among the properties of the many projection systems in common use are the 
following: 


a. Equal area. Projections of this type maintain a correct proportion between the sizes of actual 
land areas and the sizes of their map images, but at the expense of correct shape of the areas. 


b. Conformal. In this type of projection, the shapes of land areas are correctly represented, 
because at any given point the scale is the same in all directions, and meridians and parallels intersect at 
right angles. The scale may vary, however, from one part of the projection to another, and the relative 
sizes of areas are not correctly shown. 


c. Azimuthal. Certain projections have been designed so that all azimuths are true when 
measured from one point, usually the center of the projection. Maps with this property are generally 
used for polar areas, and for air distance charts. 


d. Rhumb lines (loxodromes). For centuries, mariners have set their courses to follow rhumb 
lines, or lines of constant bearing, because of the ease of navigation, although a rhumb line, except for 
due N-S, and due E-W, actually forms a spiral curve on the earth's surface. Mercator designed this 
projection to depict rhumb lines as straight lines, a property invaluable to marine navigators in plotting 
courses. The Mercator projection is the only one with this property. 


e. Great circles. The shortest distance between any two points on the earth's surface always 
falls along a segment of a great circle. Only one projection, the Gnomonic, depicts great circle distances 
as straight lines. This property is important in aeronautical navigation, which often uses radio signals 
rather than compass bearings, and so follows a great circle instead of a rhumb line. 


4-4. Projections Used in Military Mapping 
a. The map maker must select, from among the many projection systems available, the one 
whose properties are most suitable for the intended use of the map. For military maps, the essential 


property is conformality, and all standard military maps are based on projections which are classed as 
conformal. These projections are as follows: 
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(1) For all large and medium scale mapping between the latitudes of 84°N and 80°S, the 
Transverse Mercator Projection is used. Beyond those parallels, the Polar Stereographic Projection is 
used. 


(2) For standard small-scale maps, the Lambert Conformal Conic Projection is used between 
84°N and 80°S; the Polar Stereographic Projection is used beyond those parallels. 


(3) The projections used on special purpose small-scale maps vary to suit the requirements of 
the map. 


(4) In the few areas of the world where British grids are still used, the projections specified 
for them in TM 5-241-1 apply. British grids, however, are being gradually replaced by the UTM grid 
throughout the world, and maps of these areas will be based on the standard projections listed in 
paragraph a above. 


b. The characteristics of the three principal projections used for military mapping are described 
and illustrated in TM 5-241-1. A brief summary of these characteristics is given in the following 
paragraphs. 


(1) Transverse Mercator Projection. Although mathematically derived, this projection may be 
visualized as a cylindrical projection, but with the axis of the cylinder perpendicular to the polar axis of 
the earth instead of coincident with it, as in most cylindrical projections. The cylinder is tangent to the 
earth along a selected meridian; the scale of the projection is true along this meridian, with distortion 
increasing east and west of the meridian. Thus, the Transverse Mercator Projection is most accurate for 
maps of areas of greater north-south extent, but with relatively narrow east-west proportions. This 
characteristic has been exploited in the application of the projection to medium and large-scale military 
mapping, by employing a series of 60 cylinders with each cylinder secant instead of tangent to the 
spheroid. Each cylinder (or zone) in turn is 60 wide, and each with its own central meridian. As a 
result of this modification, scale distortions are minimized. The Universal Transverse Mercator Grid, 
paragraph 4-5, is developed from this system of 60 secant cylinders. 


(2) Polar Stereographic Projection, The Polar Stereographic Projection is developed on a 
plane surface tangent at either pole, with the projection rays originating at the opposite pole. The 
meridians appear as straight lines radiating from the pole, while the parallels are concentric circles whose 
spacing increases with the distance from the pole. In its military application, the plane is made secant at 
approximately 81° 07’, thus minimizing scale distortion. 
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(3) Lambert Conformal Conic Projection. As with the other projections, the Lambert 
Conformal Conic Projection is also secant, cutting the earth's surface along two parallels. This creates a 
projection with two east-west lines along which scale is true, making it especially adaptable for areas of 
greater east-west extent. The small scale 1:1,000,000 military maps which employ this projection are 
based on bands of latitude 4' wide. 


4-5. Grids 


a. While the graticule represents the projection of the earth's spherical surface on the flat plane 
of a map, it does not always meet military needs for accurate distance measurement, reliable azimuth 
plotting, and quick point location. To fulfill these requirements, various systems of rectangular grids 
have been devised. On large and medium scale military maps, the Universal Transverse Mercator 
(UTM) Grid System and the Universal Polar Stereographic (UPS) Grid System are used. These grids are 
based on the projections whose names they bear, and are used in the same areas of coverage. The 
numbering and lettering scheme of both grids is presented in detail in TM 5-241-1; the military uses of 
the grid systems are described in FM 21-26. FM 21-26, chapter 3, discusses those characteristics which 
must be understood in order to plot grid and projection correctly. 


b. The UTM grid is based on the same 60 zones which make up the Transverse Mercator 
Projection, each 6° wide and extending from 84° north to 80° south. The central meridian of the 
projection in each zone coincides with a north-south grid line (called "eastings"). This is the only easting 
grid line in each zone which coincides with the graticule. All other easting lines are parallel to the 
central meridian, and are spaced a uniform distance from each other. The east-west grid lines (called 
"northings") are at right angles to the eastings and are also spaced the same uniform distance apart, 
forming a network of squares. The interval of spacing on maps of 1:100,000 scale and larger, is 1,000 
meters; on 1:250,000 scale maps, it is 10,000 meters; and on 1:1,000,000 scale maps, it is 100,000 meters. 


c. The UPS grid completes the global network of grid squares, but with a format appropriate to 
the polar orientation of the projection. The 0° - 180° meridians are used in both the north and south 
polar areas as the central meridian to which the grid is aligned. The numbering and lettering scheme is 
described in TM 5-241-1. 
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Section II. CONTROL 
4-6. Types of Control 


The term "control" as used in mapping refers to the established system of coordinated data which 
determines both the horizontal and vertical positions of specific points or features on the earth's surface. 
Control may be classified in several different ways, such as degree of accuracy (1st order, 2nd order, 
etc.), type of survey (classical or electronic), nature of survey (horizontal or vertical), and whether 
monumented or nonmonumented. Detailed instructions on the establishment of such control are given 
in TM 5-441, Geodetic and Topographic Surveying. A brief description of the kinds of control most 
generally used in mapping projects follows. 


a. Horizontal control is the network of stations of fixed position, referred to a common 
horizontal datum, which relates the horizontal positions of these stations to the graticule or the grid in 
such terms that they can be plotted in their correct positions on a map base. It is usually established by 
triangulation or traverse methods, or by a combination of the two. Trilateration, or the measurement of 
sides of triangles rather than the angles, accomplished by electronic devices, is also used to extend 
horizontal control. Airborne distance measurement systems, such as Shoran, Hiran, and Shiran, which 
utilize pulsed radio signals transmitted from an aircraft and received and returned by ground 
transponders, are also used to establish and extend horizontal control. 


b. Vertical control is a network of stations whose elevations have been related to a common 
vertical datum, usually an imaginary level line representing mean sea level. The values of all contours 
and spot elevations on a map are based on this vertical datum. For military mapping, vertical control is 
obtained by direct or trigonometric leveling, depending upon the existing control and the required 
accuracy. The Terrain Profile Recorder, an airborne electronic device, is also used to obtain elevation 
data, but this normally is used only for medium and small scale mapping. 


c. Picture Point control is supplementary control which is field-identified on aerial photography, 
but not permanently marked on the ground. It is generally established as part of the control net for 
stereophotogrammetric projects, but is also used for controlling photo mosaics and photo revision 
projects. 


d. Map Control consists of geographic coordinates or grid coordinates on existing maps of 
established accuracy which can be used to position detail on medium or small scale mapping. This is 
most often used when a large scale series covering a given area has been compiled according to accuracy 
standards, and is then reduced in scale and used as basic source for a map-compiled, medium- or small- 
scale series. It is also used as an expedient method of positioning when no other control data is 
available or obtainable. 
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4-7. Identification of Control 


In order to make use of the established control data, the compiler must be able to identify each point on 
his source maps or aerial photography, as well as plot it precisely on the compilation base. This 
information may be furnished to the compiler in any one of several ways. Control points may be 
described and located on station description cards or trig lists (TM 5-240; para 3-3 and figs 3-1 and 3-2), 
or they may be pinpricked and annotated on aerial photography. Annotated photography generally 
includes both monumented control stations and non-monumented picture points, established for a 
particular mapping project. They are identified for the compiler by the symbols shown in figure 4-2, and 
by descriptions on the back of the photos. 


ER 


a 1 

1 
| APPROXIMATE i 
: SYMBOL DIMENSION DESIGNATION 


TAN 1/2:INCH TRIANGULATION OA TRAVERSE STATION. 

vasm/\\ 1/2INCH TRIANGULATION OR TRAVERSE STATION 
WITH VERTICAL ANGLE ELEVATION. 

1294/\\ 1/2-INCH TRIANGULATION OR TRAVERSE STATION 


WITH CONVENTIONAL ELEVATION 
(SHOWN TO NEAREST WHOLE UNIT). 


["] 3/8-INCH HORIZONTAL PICTURE POINT. 


© 1/41NCH VERTICAL PICTURE POINT 


3/8-INCH HORIZONTAL AND VERTI PICTU 
©) 1/@INCH POINT. aaa - 


>< 3/8INCH PERMANENT OR TEMPORARY BENCH 


Figure 4-2. Control symbol shown on annotated photographic prints. 


Section II. PLOTTING 


4-8. Steps in Preparation of Compilation Base 
a. Before any map detail can be compiled, a base sheet must be constructed on which both the 


grid and the projection are shown in their proper relationship and at the correct scale, and on which are 
plotted the identifiable control stations which will determine the positioning of map features. 
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b. Although it is possible to compute and plot the projection for each sheet and superimpose the 
grid upon it, it is much simpler and easier to lay out the network of grid lines at the proper scale, and to 
compute and plot the locations of the geographic coordinates of the sheet with reference to these grid 
lines. This procedure is further simplified by the preparation of a master grid pattern on a dimensionally 
stable medium, which will then fit any projection at the same scale. Accurate copies are then 
reproduced from this master. If a master grid is not available for the desired scale and grid interval, the 
grid may be easily constructed as described in paragraph 4-10. 


4-9. Instruments Needed 
The following instruments and materials are needed to construct the grid and projection. 

a. Beam Compass. The beam compass (fig 4-3) consists of a bar 18 to 72 inches long, a fixed 
steel point which can be fastened wherever desired on the bar, and an adjustable needle point which, 


after being fastened on the bar, can be adjusted for small measurements with a thumbscrew. The beam 
compass is used in conjunction with the Invar scale. 


Figure 4-3. Drawing an arc with a beam compass. 


b. Invar Scale. The Invar scale is made from a special alloy of nickle and steel which has a low 
coefficient of expansion; that is, changes in length are insignificant over a wide range of temperature. 
The scale is kept in a special box for protection. One side of the Invar Scale is calibrated in the metric 
system and the other side in the English system. The most common sizes are 1 meter and 1 1/2 meters 
in length, with corresponding English dimensions. On the left end of the bar, one unit--an inch on the 
English side and a centimeter on the metric side--is graduated in tenths by parallel diagonal lines 
extending from bottom to top. It is further divided into hundredths by parallel lines extending 
throughout the length of the bar. The thousandths are estimated along the diagonal between the parallel 
hundredths lines. The measurements must be made parallel to the horizontal lines at all times. 
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For example, if one end of the compass is on the fourth line from the bottom, the other end also is 
placed on the fourth line from the bottom. The Invar scale should never be taken from its protective 
box. To use the reverse side, merely close the box, turn it over, and reopen it. Use care when adjusting 
the points on the beam compass to a desired measurement, to avoid scratching the surface of the scale. 
Preliminary adjustments should be made on the side of the box. Figure 44 illustrates how 
measurements are made with the Invar scale. 
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Figure 4-4. Examples of measurements on the Invar scale. 


c. Small Dividers. 


d. Steel Straightedge. 


e. Lead Compass. 


f. 5-H Pencil. 


133 


4-10. Construction of the Grid 


a. Before the gird can be constructed, the dimension in centimeters of the grid interval at the 
desired scale must be determined. The scale 


MD (100) 
formula GD may be adapted as grid interval 
scale denominator 


and multiplied by 100 to convert the meters to centimeters. For a grid 
interval of 1000 meters at 1:5C0,000 scale: 


1900 (100) 
50000 = 2 cm 


(1) The first step in the actual construction of the grid is to find the approximate center of 
the plot sheet. This is most easily done by drawing fine diagonal lines connecting the opposite corners. 
The intersection of these lines is the approximate center of the sheet. 


(2) Next, a horizontal centerline is drawn through the sheet center, approximately parallel to 
the bottom edge of the plot sheet. This line is called the base line. 


(3) The third step is the careful geometric construction of a vertical centerline. This line 
must be exactly perpendicular to the base line, and must pass through the center point. 


(4) The upper and lower limits of the grid are next determined. Using the Invar scale, a 30 
centimeter measurement (for 1:50,000 scale) is set on the beam compass, and an arc is dropped along 
the perpendicular, measured from the base line to the top. A 28 centimeter arc is similarly dropped 
from the base line along the lower half of the perpendicular. 


(5) Next, a 24 centimeter arc is dropped to the right and left of the base line from each of 
the three points located by the preceding steps. 


(6) From the two 24 centimeter arcs measured along the base line, arcs are swung 30 
centimeters to the top and 28 centimeters to the bottom of the sheet, intersecting the upper and lower 
24 centimeter arcs measured right and left of the perpendicular. This completes the four outer corners 
of the grid. At this point, the diagonals should be computed and checked. For this grid, the diagonals, 
computed trigonometrically, should be 75.287 centimeters. Plotting should not proceed until the 
diagonals check out perfectly. 


(7) The next step is to connect the sheet corners, completing the four sides of the grid, and 
to subdivide these sides into the required number of grid lines. At the scale of 1:50,000, grid lines at 
1000-meter intervals must be plotted every 2 centimeters. The best way to accomplish this is to set each 
successively cumulative measurement independently on the Invar scale. The first measurement, 2 
centimeters, is set and pricked from the perpendicular right and left on the top, center, and bottom 
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horizontal lines, and then repeated, top and bottom, from the base line on the right, center, and left 
vertical lines. Then 4 centimeters are set on the beam compass, and measured from the same origins. 
The procedure is continued for a 6 centimeter measurement, and so on until all four sides and the two 
centerlines are divided. When the grid lines are drawn across the sheet, the pinpricks on the centerline 
help to eliminate any tendency for the line to bow. Small pieces of acetate or other plastic taped over 
the construction points protect them from damage by the points of the compass. 


(8) The last step in the construction of the grid is to ink the grid lines, if plotted on paper, or 
to engrave them, if on plastic. Figure 4-5 illustrates the step-by-step procedure for construction of a grid. 


1 FINO THE CENTER 2. DRAW HORIZONTAL 3 CONSTRUCT 
CENTERLINE VERTICAL CENTER- 


°o 
n 
z 
a 
a 
4 


4 SWING 30 CM ARC 5. SWING 24 CM ARCS 6 SWING 30 CM ARC 
TO THE TOP AND 28 CM FROM THE VERTICAL TO THE TOP AND 28 CM 
ARC TO THE BOTTOM ON CENTERLINE ARC TO THE BOTTOM 
THE VERTICAL CENTERLINE FROM HORIZONTAL 
CENTERUNE 
DIAG = 75.287 


7 CONNECT CORNERS. 8 DRAW GRID LINES PLOT PROJECTION 
DIVIDE SIDES INTO 2 CM AND LABEL AND CONNECT CORNERS 
AND 5-MINUTE 
INTERSECTIONS 


Figure 4-5. Construction of grid and projection. 
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b. Plotting procedures are greatly facilitated when a coordinatograph is available. The 
coordinatograph; or rectangular coordinate plotter, is an instrument used to plot precise measurements. 
It is a table-like instrument containing a plotting arm across the surface for plotting x- and y-directions. 
The micrometer movement of the arm is geared along the glide-ends for precise adjustment and is 
equipped with needle, pencil, and inking points for plotting and drawing directly on the surface of the 
map or copy. The instrument is also equipped with interchangeable scales so that almost any desired 
combination of ratios can be obtained. In the preparation of maps, the coordinatograph is invaluable for 
the construction of grid nets and the plotting of ground control. 


4-11. Plotting the Graticule 


a. Once the grid has been drawn, the next step is to locate the parallel and meridian 
intersections precisely according to the grid values of their geographic coordinates. Mapping instructions 
in TPC TM S-1 specify the minimum interval be teen geographic coordinate intersections appearing on 
standard maps. The intervals of plotted intersections required for standard scale maps are - 


Scale Interval 
1:12,500 1 minute 
1:25,000 2 1/2 minutes 
1:50,000 5 minutes 
1:100,000 10 minutes 
1:250,000 Bee note below 
131,000,000 1 degree 


Note: DOD Joint Operations Graphics (JOG) specifications are the basic instructions for 1:250,000 scale 
maps, and specify: between latitudes 0° and 76° full lines of longitude shall be shown at 15-minute 
intervals with 1-minute ticks shown thereon. Between latitude 76° to 84° North, and between 76° to 80° 
South, full lines of longitude shall be shown at 30-minute intervals with 1-minute ticks shown thereon. 


(1) It is usually sufficient to plot only the four corners of a 7 1/2-minute sheet at 1:25,000 
scale. The 15-minute sheets at 1:50,000 scale require that the intermediate 5-minute geographic 
coordinate references be plotted to obtain the curvature of the parallels. A 30-minute sheet at 1:100,000 
scale requires that the 10-minute intersections be plotted. 


(2) When 2 1/2-minute ticks are desired between plotted 5-minute and 10-minute intervals, 


they are obtained by subdividing straight line connections between the plotted 5-minute and 10-minute 
ticks. 
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b. To plot the geographic coordinate references, the draftsman must know the grid distances 
(east or west and north or south) from a major grid intersection to the geographic coordinate. The 
transformation of geographic coordinates into grid coordinates is a topographic computing function. 
Tables have been compiled giving the grid coordinates for geographic intersections at even 5-minute 
intervals for the five spheroids (Clarke 1866, Clarke 1880, International, Bessel and Everest). 


In addition, tables for intersections at 7 1/2-minute intervals have been prepared for the Clarke 1866 
spheroid. (Refer to appendix A for complete listing of appropriate manuals). The grid coordinates in 
the tables are given to 0.1 meter which is more than adequate to meet the accuracy requirements. 


c. All the information necessary for plotting the corners of a given sheet is provided to the map 
compiler on DA Form 1941, Grid and Declination Computations, prepared by the topographic computer 
in accordance with instructions in TM 5-237. A sample of this form is shown in figure 4-6. From the 
furnished computations, the compiler can determine the central meridian of the grid zone in which the 
sheet falls, the exact grid coordinates of each of the four corners, a measurement in centimeters from 
the first full grid line in each direction to the corner, the conversion factor to be used in converting the 
ground measurement of grid distances to map measurements, the overall measurement, in centimeters of 
each of the four neat lines, and grid and magnetic declination data for the sheet. 


(1) Before plotting the corners, it is important to determine exactly the grid squares in which 
the corners will fall, and to locate them in such a way that the sheet will fall entirely within the area of 
plotted grid lines. Since the grid lines on the form are the first full lines on the sheet, partial lines are 
not indicated or labeled. If the measurement to the corner is greater than 2 centimeters (at 1:50,000 
scale), there is a partial grid line between the one shown on the form and the actual corner. Be sure to 
allow for this, and then label carefully those grid lines to be used in the plotting. 


(2) The actual plotting of the corners is a simple mechanical operation of setting the 
centimeter measurement on the dividers from the Invar scale, and plotting this amount in the directions 
indicated on the form. The intersection of the two plotted values is the sheet corner. 


d. The east and west neat lines on either side of the sheet are easily obtained by simply 
connecting plotted corner intersections with straight lines. The north and south neat lines, however, 
which represent parallels of latitude, are curved lines, and require further computations. To achieve the 
necessary curvature, grid coordinates of the five-minute intersections along the top and bottom of the 
sheet are computed from the tables of coordinates for 5-minute intersections for the appropriate 
spheroid. The Index to Spheroids in TM 5-241-1 specifies the correct spheroid for each area of the 
world. The 5-minute intersections are plotted in the same way as the corner intersections. The 5- 
minute intersections in the interior of the sheet must also be computed and plotted. The procedure for 
obtaining the necessary grid values for the 5-minute intersections is on the next page. 
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GRID AND DECLINATION COMPUTATIONS 


ORGANIZATION 


69% ENG Co. (Tope) 


SCALE 


So, ovo 


Grip inrerva, [92° Mm 


22” oR* 


DA. Fe, 1941 


Figure 4-6. Grid and declination computations. 
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(1) First, determine the correct spheroid, and obtain the tables prepared for that spheroid 
(TM 5-240, app A). 


(2) Determine the geographic values of the 5-minute intersections needed to complete the 
projection. Figure 4-7 illustrates the geographic coordinates of a hypothetical 1:50,000 scale sheet which 
falls in the area covered by the International Spheroid, requiring the use of TM 5-241-13. The crossed 
ticks in the figure indicate the 5-minute intersections which must be computed and plotted. The circled 
ticks indicate the four sheet corners plotted from the grid computations. 


Figure 4-7. Geographic coordinates and 5-minute intersections, 1:50,000 scale. 


(3) Determine the central meridian of the zone in which the sheet falls. In this case, it is 
9E. The central meridian is noted on the grid computations. 


(4) To find the grid coordinates of the first 5-minute intersection to the right of the SW 
corner, on the lower edge of the sheet (48° 30'N 8° 20'E) we turn to the page in TM 5-241-13 which 
gives us the figures for latitude 48°30'. This page is reproduced in figure 4-8. 
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UT M GAID COORDINATES @ INTERNATIONAL SPHEROID 
GAID COORDINATES FOR FIVE-MINUTE INTERSECTIONS 
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Figure 4-8. Grid coordinates for 5-minute intersections. International Spheroid. 


(5) Note that for each 5 minutes of latitude, a separate set of figures is furnished. The left 
column, labeled A (delta lambda), is the difference in longitude between the point and the central 
meridian (CN) of the zone in which the point falls. There are two columns of easting values: the first is 
used if the a is west of the CM; the second column is used if the A is east of the CM. The last column 
gives the northing value of the point, which is the same with either easting value. 


(6) Since 8° 20' is 40 minutes west of the CH of 9°, -e find 40' in the AA column ant read 
the easting value in the column labeled "West of CM" which is 450, 749.9. This is the location of the 
point on the ground, expressed in meters, in relation to the grid. It means that the point is 749.9 meters 
east of the grid line representing 450.000 meters. To convert to map scale, we multiply by the 
conversion factor, .002, also given on the grid computations. This gives us a value of 1.499 centimeters, 
the plotting distance to the east of grid easting 50. On the same line, -e read a northing value of 
5,372,195.9, or a point 195.9 meters north of the grid northing representing 5,372,000 meters. Again 
multiplying by the conversion factor, we obtain a plotting distance in centimeters of .392 centimeters 
north of grid line 5372. Plotting these two measurements on the grid board, we obtain the map location 
of the geographic coordinates. 


(7) This procedure is repeated for each of the 5-minute intersections needed to complete the 
plotting of the map projection. The curvature of the north and south neat lines is obtained by 
connecting those intersections with straight line segments. The intersections which fall in the sheet 
interior are shown by ticks as specified on the style sheets included in TPC TM S-1. 


4-12. Alternate Method of Plotting Geographic Coordinates on Grid 


Direct measurement of geographic coordinates is simpler and faster for the compiler, but there are 
occasions when direct measurements cannot be done and an alternate method must be used. This 
alternate method is done by proportional plotting (fig 4-9). A magnifying glass is helpful for the very 
accurate measurements required. To plot a geographic position whose grid coordinates are 573,032 
meters E and 4,594,421 meters N, choose a length on a metric scale slightly longer than the span 
between the grid lines. Pivot the scale, in position (1), figure 4-9, with the zero point on one grid line 
until the selected graduation falls on the other grid line. Measure along the scale to the calibration 
which marks 0.032 of the selected distance between the vertical lines of the grid and make a pinprick on 
the grid at gq. Repeat this operation at position (2) and make a pinprick on the grid Q. The line drawn 
between Q and R is the easting coordinate 573,032 meters. To get the notching reading, place the scale 
at position (3) with the zero and the selected unit indicators on the horizontal grid lines, and pinprick 
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0.421 of the distance between the horizontal lines along the scale (point 6). Move the scale to position 
(4) and locate point T. The line joining S and T represents the northing coordinate 4,594,421 meters. 
The intersection point W is the location of the point. 


4,595.000 


4,593.000 ™y 


Figure 4-9, Plotting positions with rectangular grid coordinates. 
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4-13. Plotting Positions of Control Stations 


a. Rectangular Grid Coordinates. The station description cards or trig lists furnished for control 
data, normally give the grid coordinates of the control station. The positions of the station can be 
plotted on the compilation base using the same methods described in paragraph 4-llc or 4-12 for the 
plotting of projection intersections. After the point is plotted, it should be carefully identified and 
labeled. 


b. Geographic Coordinates. Control points may also be located and plotted using the 
geographic coordinates of the projection. The nearest projection ticks should be connected and 
subdivided into l1-minute quadrangles. Each 1-minute quadrangle, which equals 60 seconds, can be 
divided into 60 divisions using a metric scale. On the scale, choose a value easily divisible by 60, such as 
60 millimeters, 120 millimeters, 180 millimeters, or 240 millimeters and capable of covering the distance 
between the minute lines. Each value of 1 second is then equal to 1, 2, 3, or 4 millimeters, respectively. 
The number of seconds multiplied by these factors equals the number of divisions to be plotted. 


4-14. Accuracy Requirements 
The final accuracy of any map depends upon the accuracy of the grid, projection, and control plotting on 
the compilation. To maintain the required accuracy, the grid must be plotted to 0.13 millimeters (0.005 


inch), the projection must not be in error by more than 0.13 millimeters when referred to the grid, and 
the control must be within 0.13 millimeters when referred to the projection. 
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EXAMINATION 


PARTI - CONSTRUCT MAP GRID 


Select the correct answer for each of the following multiple-choice questions. Record your answers on 


the ACCP Examination Response Sheet located at the back of this book. 
Requirement: Questions | through 8 refer to DA Form 1941 in figure 1. 


1. 


What is the Grid Zone Designation for the map sheet? 


D. 


18s 


75°W 


UTM 


CLARK 1866 


What is the value of the Central Meridian for the map sheet? 


18s 


a 


UTM 


CLARK 1866 


What is the grid interval plotting size for the grid? 


A. 
B. 
C. 
D. 
What is the value of the first full northing grid line along the north side of the map? 


A. 


B 
C, 
D 


002 


2cm 


4 cm 


1000 m 


09 


15 


82 


90 
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5: What is the value of the first full easting grid line along the west side of the map? 


A. 09 
B 15 
C 82 
D. 90 
6. What is the value of the first northing grid line along the south side of the map? 
A. 09 
B. 15 
c 82 
D. 90 
7; What is the total number of easting grid lines required for the grid? 
A. 6 
B. 9 
C. 10 
D. 13 
8. What is the total number of northing grid lines required for the grid? 
A. 6 
B. 8 
C, 10 
D 12 
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Figure 1. DA Form 1941. 
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PART II - CONSTRUCT MAP PROJECTION 


Requirement: Questions 9 through 15 refer to DA Form 1941 in figure 1. 


9. What is the value of the conversion factor? 
A. 002 cm 
B. .002 mm 
C. 002 m 
D. .002 
10. What are the geographic coordinate values for the southeast projection corner? 


A. 4281722.678 N/315118.192 E 
B. 38° 40' 00" N/77° 07' 30" W 
C. 315118.192 N/4281722.678 E 


D. 7T° 07' 30" N/38° 40' 00" W 


11. What are the UTM grid coordinate values for the southwest projection corner? 
A. 428 1894.079 N/307867.146 E 


B. 38° 40' 00" N/77° 12' 30" W 


2) 


307867.146 N/4281894.079 E 


D. 77° 12' 30" N/38° 40' 00" W 
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12. 


13. 


14. 


15. 


What is the northing grid line plotting measurement for the northeast projection corner? 


A. .666 cm 

B. 1.332 cm 
C, 1.942 cm 
D. 3.884 cm 


Refer to question 12. From which grid line is this centimeter value plotted? 


A. 315 
B 316 
C 4209 
D. 429] 


What is the easting grid line plotting measurement for the northwest projection corner? 


A. 1.820 cm 
B. 2.285 cm 
C. 3.640 cm 
D. 4.570 cm 


Refer to question 14. From which grid line is this centimeter value plotted? 


A. 308 
B 309 
C 42099 
D 4291 
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Requirement: Questions 16 through 20 refer to DA Form 1932 in figure 2. Conversion factor is .002. 


we U. T. M. GR! 
ECTION ExAMINATIO lp f plate pd tenn mndlgteh 


LOCATION ; ORGANIZATION 


RDINATES 
ARC 


US ARMY ENGINEER SCHOO 
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CLARKE [B66 | 15° wl as H Meter t $00,000 m 
le [38° 4000" pte" 20" 38°45'00" |a [77° 10’ 00" _| 
a | ee ii ee 4 


jaa 
| 


il 


2 ey 
i aes 
2 aia 
i ees 
i re | eee (Se Fi ee 
COMPUTED BY Saree CCE ST — 
DA . rome 1932 we 822332 @ & Bevesaweur socerees arene aroma 


Figure 2. DA Form 1932. 
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16. 


17. 


18. 


19. 


What are the UTM grid coordinate values for graticule tick 38° 40' 00" N/77° 10' 00" ? 
A. 4281807.547 E/311492.680 N 
B. 4291055.942 E/311711.492 N 


C. 428 1807.547 N/311492.680 E 


-) 


4291055.942 N/311711.492 E 


What is the easting grid line plotting measurement for graticule tick 38° 45' 00" N/77° 10' 00" 
WwW? 


A. 112 cm 
B. .224 cm 
C. 1.423 cm 
D. 2.846 cm 


Refer to question 17. From which grid line is this centimeter value plotted? 


A. 311 
B 4291 
C 3117 
D 459 


What is the northing grid line plotting measurement for graticule tick 38° 45' 00" N/77° 10' 00" 
WwW? 


A. 112 cm 
B. .224 cm 
C. 1.423 cm 
D. 2.846 cm 


151 


20. Refer to question 19. From which grid line is this centimeter measurement plotted? 


A. 311 
B 4291 
C 3147 
D 499 
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Requirement: Questions 21 through 28 refer to DA Form 1959 in figure 3. Conversion factor is .002. 


21. 


De 


2D. 


24. 


PART III - PLOTTING GEODETIC CONTROL 


What is the name of the geodetic control point? 


A. 


B 
C. 
D 


AHS 


DISK 


JEFF 


1929 


What are the geographic coordinate values of the control point? 


A. 


B 
C. 
D 


7TT° 09' 42" W/38° 41' 28" N 


311991.733 E/428510.130 N 


TT° 09' 42" N/38° 41' 28" W 


311991.733 N/4284510.130 E 


What are the UTM grid coordinate values of the control point? 


A. 
B 
cs 
D 
What is the northing grid line plotting measurement for the control point? 


A. 


B 
OF 
D 


77° 09' 42" W/38° 41' 28" N 


311991.733 E/4284510.130 N 


77° 09' 42" N/38° 41' 28" W 


311991.733 N/4284510.130 E 


1.020 cm 
1.983 cm 
2.040 cm 


3.967 cm 
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A. D 
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Station Jeff te located at the end of an unimproved dirt road 1.2 miles south of 
Will Range and 0.3 mites north of Cedar Grove Cemetery on the Fort Belvoir Military 


Reservation. 


Pom REPLACES Da FORME 18tS) =6_OESCRIP 
DA ct1959 See ape ee PHNGRIPION ow RECOVERY Of NOMIZONTAL CONTROL TTATION 


Figure 3. Completed DA Form 1959 for station "Jeff". 
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2S; 


26. 


21 


28. 


Refer to question 24. From which grid line is this centimeter value plotted? 


A. 


B. 


31] 
498 
3119 


4284 


What is the easting grid line plotting measurement for the control point? 


A. 


B. 


C; 


D. 


1.020 cm 


1.983 cm 


2.040 cm 


3.967 cm 


Refer to question 26. From which grid is this centimeter value plotted? 


A. 


B. 


31] 
498 
3119 


4284 


The control point sketch is used by the cartographer during compilation to: 


A. 


B. 


Locate the point on the compilation base. 
Symbolize the point 
Recover the control point 


Locate the point on aerial photography 
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